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1 

INTRODUCTION 

A. Thalassemia Syndrome Resultinq from a Deficiency of Globin 

Chain Synthesis 

In humans and other vertebrates, oxygen is transported by red 

blood cells, filled with the oxygen-transport protein hemoglo

bin. Hemoglobin is a tetramer composed of two a-like and two 

{3-like globin chains. Thalassemia is a group of hemolytic 

anemias resulting from a deficiency in the synthesis of globin 

chains. It is usually classified into two major subgroups: a

thalassemia and {3-thalassemia depending on the affected globin 

chains; the first is due to a deficiency of the a-globin 

chains and the second to that of the {3-globin chains. 

Be a-Thalassemia Classification 

This clinical syndrome can be subdivided into four catego

ries: silent a-thalassemia carrier, a-thalassemia trait, Hb H 

disease and Hb Bart's hydrops fetalis. The first two subgroups 

are difficult to diagnose by the clinical manifestations 

alone. The latter two syndromes have distinct hematological 

indices and are readily recognized [Liebhaber, 1989]~ 

I. Silent a-thalassemia carrier. These persons have near 

normal hematological findings such as Hb level, red blood cell 

counts, and red blood cell indices. It is even difficult to 

distinguish a silent a-thalassemia carrier from a normal 

subject by in vitro globin chain synthesis [Bowden et al, 

1987]. They are often suspected on the basis of pedigree 

studies, for example, among the parents or offsprings of 
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patients with Hb H disease (Weatherall and Cle~g, 1981]. In 

the following sections I will show that silent a-thalassemia 

carrier states are due to the deletion or inactivation· .of one 

of the four normal a-globin genes. 

II. a-Thalassemia trait. a-Thalassemia trait manifests itself 

as a mild anemia with a significant microcytosis and hypochro

mia (MCH ranging 20-25 pg; MCV 70-80 fl, in adult carriers) 

and a decreased in vitro af~ chain synthesis ratio (Bowden et 

al, 1987]. Hb H can not be detected in a red cell lysate with 

electrophoretic or chromatographic procedures.·Hb H inclusion 

bodies are occasionally found in the red blood cells after 

supravital staining with brilliant cresyl blue [Glanello et 

al, 1984]. Newborn babies with a-thalassemia trait show ari in

creased Hb Bart's (or ~4 ) level (2-5%) (Lie-Injo et al, 1960; 

Lie-Injo et al, 1982]. a-Thalassemia trait is usually caused 

by the loss of two a-globin genes in trans or in cis [Higgs et 

al, 1989]. 

III. Hemoglobin H disease. Hb H disease is a severe form of 

a-thalassemia but compatible with life. These patients usually 

survive into adulthood. The clinical picture of Hb H disease 

is usually that of thalassemia intermedia with variable 

severity; regular blood transfusions are not required (Katta

mis et al, 1988]. This syndrome is most frequently found in 

Southeast Asia and in the Mediterranean countries. The typical 

manifestations of Hb H disease are fully developed within the 

first year of life (Wasi et al, 197 4] • Splenomegaly with 
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associated hypersplenism and enlarged livers are the usual 

findings on physical examination [Weatherall and Clegg, 1981] . 

Some patients with Hb H disease live uneventfully with little 

disability, while in others the disorder may be as severe as 

homozygous ~-thalassemia. Some patients may even be dependent 

on regular blood transfusions [Chan et al, 1985; Liebhaber, 

1989] • The anemia is often aggravated during pregnancy, 

infections, or after the administration of oxidant drugs such 

as sulphonamides [Rigas and Kaler, 1961]. It has not been 

established whether the majority of patients with Hb H disease 

have a normal life span. Patients with Hb H disease have a 

severe hypochromia with low MCH and MCV values. The red blood 

cell morphology shows anisocytosis, poikilocytosis and the 

presence of moderate numbers of microcytes. The reticulocyte 

count is always increased. There is a variation in the H~ 

levels in patients with Hb H disease. The most striking 

characteristic of the peripheral blood in Hb H disease is the 

generation of Hb H inclusion bodies in the red blood cells 

after incubation with brilliant cresyl blue due to the 

precipitation of Hb H [Glanello et al, 1984]. Hb H m~grates 

more rapidly than Hb A in electrophoresis at alkaline pH. In 

many patients with Hb H disease a second fast-moving component 

Hb Bart's can usually be demonstrated. Sometimes, the "modi

fied Hb H or Hb Bart's" are also detected [Rigas· et·al, 195"5; 

Weatherall, 1963; Weatherall and Clegg, 1981]. 
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Hb His unstable and thermolabile [Scott et al, '1970]. The 

spleen plays a vital role in the removal of the red blood 

cells containing Hb H precipitate; therefore splenectomy might 

slow down the hemolysis and ameliorate clinical symptoms [Wasi 

et al, 1974]. Hb H has a very high oxygen affinity (10 times 

that of Hb A) and shows no heme-heme interaction or Bohr' 

effect [Benesch et al, 1961]. Hb H does not function as an 

oxygen carrier. 

The rate of a and ~ chain production has been studied in 

reticulocytes and bone marrow c~lls using we- or 3H-labeled 

leucine. In all these studies there has been a marked imbal

ance in patients with Hb H disease; the af~ ratios ranged from 

0.2 to 0.5 ·with a mean of approximately 0.4 [Weatherall and 

Clegg, 1981]. 

The molecular pathology of ·Hb H disease is complicated and 

forms the basis of this research program. Generally speaking, 

Hb H disease is caused by the loss of three functional a

globin genes [Higgs et al, 1989]. 

IV. The Hh Bart•s hydrops fetalis. This condition is due to 

the complete inability to synthesize a-globin chains. A fetu~ 

with this condition usually dies in utero prematurely or soon 

after birth. The marked clinical findings in these fetuses 

are: massive edema (hydrops), ascites, hepatosplenomegaly and 

a large placenta (sometimes even heavier than the fetus). The 

peripheral blood picture shows severe erythroblastosis, 

reticulocytosis, target cells, and hypochromia [Pootrakul et 



5 

al, 1967; Wasi et al, 1974]. The major hemoglobin component 

{usually IJ\Ore than 80%) i~ these babies is Hb Bart • s ('Y4), 

which has no oxygen transport function due to its high oxygen 

affinity {like Hb H) [Weatherall et al, 1970; Wasi et al, 

1974]. The survival of these hydropic fetuses during the first 

months of the pregnancy depends upon an adequate synthesis of 

embryonic hemoglobins, namely Hb Portland-! { t 2'Y2) and Hb Gower 

1 {t2e2 ) [Tuchinda et al, 1975]. The Hb Bart's hydrops fetalis 

syndrome is caused by complete deletion of the four functional 

a-globin genes. 

c. The Background of a-Thalassemia Research 

In order to understand the various studies described in this 

dissertation it will be helpful to review briefly our current 

knowledge of the structure and function of the normal a-gl·obin 

gene cluster and of the molecular basis for the more common 

types of a-thalassemia. 

The two major a-thalassemia clinical syndromes, Hb H disease 

and the Hb Bart's hydrops fetalis syndrome were first recog

nized in the 1950s and early 1960s mainly because of the 

presence of fast moving abnormal hemoglobins, later identified 

as: Hb H and Hb Bart's [Minnich and Na-Nakorn et al, 1954; 

Rigas et al, 1955; Lie-Injo et al, 1960; Weatherall, 1963]. 

The highest incidence of the disorders seemed to be in 

Southeast Asia. The molecular structure of ·these hemoglobin 

variants was determined by Jones et al. (1959) and Hunt et al. 

(1959), who found that these hemoglobins were tetramers of 



normal ~-chains 

Stretton (1959) 
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(~4 ) and normal ,-chains (1'4). Ingram and 

proposed that Hb H might result from a 

deficiency in the synthesis of a-chains. It was reasonable to 

speculate that Hb Bart's is the fetal counterpart of Hb H. 

The genetic analysis of these syndromes was difficult at that 

time because these two variants (Hb H or Hb Bart's) could not 

be detected in parents of patients with Hb H disease or of 

babies with hydrops fetalis. However, soon it was observed 

that the obligatory a-thalassemia carriers, such as the 

offspring of individuals with Hb H disease, have raised levels 

of Hb Bart's in the neonatal period, while some of the parents 

of individuals with Hb H disease and all parents of fetuses 

with the Hb Bart's hydrops fetalis syndrome had mildly 

hypochromic, microcytic red blood cell indices; sometimes Hb 

H inclusion bodies could be detected in occasional red cells 

upon the supravital staining [Na-Nakorn and Wasi et al, 1969]. 

The relative quantities of Hb Bart's at birth and the degree 

of microcytosis and hypochromia in the adult carriers often 

formed the basis for distinguishing between the mild and 

severe types (also between a-thalassemia-2 and a-thalassemia

!, respectively) of these obligatory carriers. 

Wasi et al conducted an extensive genetic study of the 

various forms of a-thalassemia in Thailand and suggested that 

the different phenotypes are the result of the interaction of 

the two main a-thalassemia determinants, a~thalassemia-1 and 

a-thalassemia-2. a-Thalassemia-! was defined by the presence 
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of 5-10% Hb Bart's at birth and a typical thalassemic periph

eral blood picture in the adult with normal levels of Hb F and 

Hb ~- a-Thalassemia-2 was characterized by the presence of 1-

2% Hb Bart's at birth and almost normal hematological findings 

in adult life. Newborns with levels of Hb Bart's at 20-30% 

were found to develop Hb H disease. From these genetic data it 

was copcluded that Hb H disease results from the interaction 

of a-thalassemia-! and a-thalassemia-2. Finally, newborns with 

very high levels of Hb Bart's (>80%), the Hb Bart's hydrops 

fetalis syndrome, hav.e a homozygosity for a-thalassemia-! 

[Wasi et al, 1974]. 

Thus, these analyses correlated clinical phenotypes with Hb 

Bart's concentrations in cord blood: Hb Bart's levels of >80, 

20-30, 5-10 and 1-2% represent a-thalassemia-! homozygosity 

(hydrops fetalis) , a-thalassemia-! and a-thalassemia-2 

compound heterozygosity (Hb H disease), a-thalassemia-! trait, 

and a-thalassemia-2 trait, respectively. 

In the early 1970s, the measurement of the relative rates of 

a- and ~-globin chain in vitro synthesis became feasible and 

soon it was demonstrated that this ratio was progressively 

decreased in carriers of a-thalassemia, Hb H disease, and the 

Hb Bart's hydrops fetalis syndrome [Kan et al, 1968; Weathe

rall et al, 1970] . The decreased a-globin chain synthesis also 

correlated well with a decrease in the quantities of a-mRNA 

[Benz et al, 1973]. 
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A more complete explanation for the various form of a

thalassemia was obtained when the number of a-globin genes 

present in normal individuals could be determined. The first 

indication for the presence of duplicated ·a-globin genes was 

obtained from a study of several members of a . family from 

Hungary who had two structurally different abnormal a-chain 

hemoglobins (Hb J-Buda and Hb.G-Pest) in addition to normal Hb 

A [Hollan et al, 1972]. Similar observations were made by 

others [Meloni et al, 1980]. These observations suggested the 

presence of four a-chain loci in normal individuals (aafaa). 

The dispute was finally settled by solution ·hybridization 

studies, when specific a-, P-, and 1-cDNAs·became available. 

It was shown that normal individuals have four ~-globin genes, 

and that the different a-thalassemia syndromes resulted from 

the inheritance of 3, 2, 1, or o a~globin genes [Kari et al, 

1975]. 

This simple geneti.c model for a-thalassemia is suitable to 

explain the a-thalassemias observed in Southeast Asia. There 

was still some controversy over the genetic data obtained for 

Africans and American Blacks. In these populations . the a

thalassemia frequency is high, based upon the levels. of Hb 

Bart' s in cord , blood samples, but Hb H disease is rarely 

encountered and the Hb Bart's hydrops fetalis syndrome has 

never been reported [Higgs et al, 1979; Higgs et al, 1980]. 

This problem was overcome by understanding the structural 

organization of the a-globin genes as revealed by gene mapping 
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analysis with Southern blot hybridization analysis. It showed 

that the normal individuals have two a-globin genes on each 

chromosome (aafaa) and carriers for a-thalassemia have either 

three (-afaa; a-thalassemia-2) or two (--faa; a-thalassemia-!) 

a-globin genes. Thus, the most common genotype of Hb H disease 

is --1-a and that of Hb Bart's hydrops fetalis is --1--. In 

Africans and American Blacks, only the -a determinant is 

frequent; therefore a-thalassemia-2 is common (-afaa and -at

a), but Hb H disease is rare while Hb Bart's hydrops fetalis 

syndrome does not occur [Higgs et al, 1979; Dozy et al, 1979]s 

The hematological findings in individuals with a-thalassemia 

are summarized in Table [I-1]. Subsequent analysis has shown 

that there are many different·molecular defects that compli

cate this model, and the ever increasing number of nondele

tional a-thalassemia determinants makes the heterogeneity of 

the molecular basis for a-thalassemia even more complex [Higgs 

et al, 1981a; Liebhaber, 1989]. 



Table [I-1]: Summary of Hematological Findings in Individuals With a-Thalassemia {Kutlar et al, 1987; Kutlar 
et al, 1989b; Higgs et al, 1989; McKie et al, 1992] 

Newborns 

Phenotype Equivalent Number MCV MCH r Level ofHb 
of Functional a- fl pg % of(a+n Bart's at 
Genes birth(%) 

Normal 4 100-115 4~34 0-0.5 0 
aalaa 

a-Thalassemia-2 trait 3 90-105 3~36 0.1-1.0 ~2 

-alaa 

a-thalassemia-2 homozygote 2 80-85 25-30 0.3-2.3 2-8 
-al-a 

a-Thalassemia-1 trait 2 80-85 25-30 - 2-8 
-/aa 

Hb H Disease 1 - - - 1~0 

--1-a 

Hb Bart's hydrops fetalis 0 11~120 reduced 100 -so• 
-1--

-------

• These values vary considerably depending on the age of the patient and the f~gures given are a guide to the indices seen in adults. 
t These values overlap to a considerable degree. 
• The remainder is Hb Portland I and ll (t2")'2, r2fJJ. 
(-)A minus sign indicates insufficient data were available. 
, These values are from unpublished data in this laboratory. 

Adults 

Mev· MCH" HbH% r' ai{J Globin 
fl pg (Inclusions) % of(a+n Chain Syn-

thesis Ratio• 

85-100 -30 0 0 -1.0 
(none) 

75-85 -26 0 0 -0.9 
(rare) 

65-75 -22 0 0-0.03 -0.7 
(occasional) 

65-75 -22 0 0.01-0.05 -0.7 
(occasiooal) 

60-70 -20 1-40 0.1-0.8 -0.4 
(many) 

- - - - -
-----

._ 
0 



11 

D. The a-Globin Gene Cluster orqanization 

Deisseroth et al conducted an in situ hybridization experi

ment in human and mouse somatic hybrid cells and was able to 

localize the a-globin gene and the ~-globin gene cluster to 

chromosomes 16 and 11, respectively [Deisseroth et al, 1977; 

Deisseroth et al, 1978]. Thereafter, several additional 

methods were developed to localize the a-globin locus [Simmers 

et al, 1987; Buckle and Higgs et al, 1988]. At present, it is 

known that the a-globin cluster lies on a Giemsa negative band 

16 p13.3 at the very tip of the short arm of chromosome 16c 

The a-globin gene cluster is situated in a long G+C rich DNA 

segment (>200 kb); the G+C content is greater than 60%. This 

is different from the ~-globin gene cluster which contains a 

more or less normal G+C content of -39.5%. The a-globin gene 

cluster also has an unusually high Alu family repeats (Alu 

family repeat is a group of repetitive DNA segments, which can 

be detected by Southern hybridization using restriction enzyme 

Alu 1) [Higgs et al, 1990]. 

In the a-globin gene'cluster, there are two duplicated a

globin genes (a2 and a1), an embryonic ci-like gene cr2), three 

pseudogenes ( 1/J t1, 1/;a2, 1/;a1) , and a gene of undetermined 

function (01). These a-like globin genes are arranged in the 

order 5 '- r2-t/J r1-t/;a2-t/;a1-a2-al-0 1-3' (Figure [ I-3]) [Liebhaber, 

1989; Higgs et al, 1989]. 

DNA sequence analysis has,revealed that the two functional 

adult a-globin genes are .highly homologous except in the 
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second intron and in the 3 1 untranslated regions [Michelson 

and Orkin, 1983]. They encode identical polypeptides, the a

globin chain. The homology between the adult a-globin chain 

and the embryonic f-globin chain is only 58%, although both 

polypeptide structures share several similarities [Higgs et 

al, 1989]. Each a- and f-globin gene contains three exons 

(coding regions) divided by two introns (noncoding intervening 

sequences [IVS]). The relative positions of the introns in the 

a-globin genes are similar to those in all other globin genes 

(Gilbert, 1978]. Certain functional domains in globin chains 

are encoded by the same exon; an example is the heme binding 

region and a1~2 contacts which are encoded by exon 2, while 

the amino acids involving a1~1 contacts are encoded by exon 3 

(Higgs et al, 1989]. 

Certain sequence motifs such as the upstream elements located 

between -40 to -200 bp from. the "CAP" site (including the 

"CAAT" box, the "ATA" box and the potential SP1 factor binding 

sites (the "CCGCCC" box)], the initiation codon (ATG) and the 

termination codons, the consensus donor and acceptor sequences 

at the junctions of the · exons and the introns, and the 

polyadenylation signal and the polyadenylation addition sites 

are conserved in the a-like globin genes as is the case for 

most eukaryotic genes. These sequences are essential to the 

processes involved in gene expression as is evidenced by the 

fact that certain specific mutations will cause an a- and a ~

thalassemia. These canonical elements usually contain some 
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·70 0 1 0 . . 20 30 

I 

S'HVR 
inter·~ HVR 

Chromosome 16 3'HVR 

Chromosome 11 

Figure [I-~]: The physical map of the a-globin gene complex 

(above) and the {3-globin gene complex (below) . Both functional 

genes and pseudogenes are shown in each cluster. Position o 

indicates the t-globin mRNA Cap site. Hypervariable regions 

are denoted by zig-zag lines. The hemoglobins synthesized at 

different stages of development are also illustrated. Each 

hemoglobin molecule is a tetramer of two a-like (a- or r-J and 

two {3-like ({3-, r-, o-, or e-) chains. 
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mutations in the pseudogenes (eg, ~a1, ~a2, and ~r1), conse

quently render thes·e genes nonfunctional [Higgs et al, 1989]. 

An interesting structural feature of the a-globin gene 

cluster is the presence of several hypervariable regions (HVR) 

containing tandemly repeated segments of DNA (Jarman et al, 

1986]. The following hypervariable regions have been identi

fied: the region located at the 3' end of the complex (a-

- globin 3 1 HVR); that between the r2 and ~r1 genes (interzeta

HVR); that within the introns (IVS 1 and IVS 2) of the r-like 

genes Cr-intron HVRs) and the a-globin 5 1 HVR which is located 

approximately 70 kb upstream of the r2 gene. Each of these 

regions consists of different numbers of tandemly repeated 

units. The length of these repeat units ranges from 17 (3'HVR) 

to 57 (5'HVR) bp. All these repeat units share a common core 

sequence (5'-GNGGGGNACAG-3 1 ). The functions of these hyperva

riable regions are still unknown (Higgs et al, 1981b]. Most 

individuals are heterozygous with respect to these loci. The 

length polymorphisms within the a-globin gene hypervariable 

regions are inherited in a Mendelian manner and can be used as 

an individual-specific genetic marker for haplotype analysis 

or linkage analysis (Jeffreys et al, 1985; Fowler et al, 1988; 

Higgs et al, 1989]~ 

E. A Remote Positive control Reqion of the a-Gene Cluster 

Recent information indicates the presence of a remote 

positive control region for the a-globin gene cluster which 

appears to be the counterpart of the locus control region 
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(LCR) in the /3-globin gene cluster (Higgs et al, 1990]. 

Although the human a- and /3-globin genes are located on 

different chromosomes, their expression is coordinately 

regulated by some unknown mechanisms. It may well be that the 

cis-acting target sites responsible for this balanced expres

sion are the LCRs in both a-globin gene and the /3-globin gene 

clusters (Higgs et al, 1990]. The a-like globin genes and the 

/3-like globin genes are expressed in a strictly tissue- and 

development-specific fashiop to. produce embryonfc ( r2e2, a2e2, 

and r2'Y2) ' fetal ( ~2'Y2) ' and adult ( a2o2' a2/32) hemoglobins 

(Liebhaber, 1989]. 

When cloned DNA fragments containing either a /3-globin gene 

or an a-globin gene with their flanking sequences of up to 30 

kb are transfected into mouse eryt.hroleukemia cell (MEL) , · the 

stable transformants express poorly but constitutively a

globin gene and express /3-globin gene only after induction of 

terminal differentiation [Charnay et al, 1984; Townes et al, 

1985]. The exogenous /3-globin genes can be expressed in 

transgenic mice in a tissue-specific manner. The expression 

level of.the globin genes in tissue·culture and in transgenic 

animals is far below that observed for t~e endogenous gene; 

the exogenous a-globin genes are not expressed at all in 

transgenic mice (Palmiter and Brinster, 1986; Ryan et al, 

1989a+b]. Furthermore, the low level of expression is integra

tion site dependent. However, when a- and·/3-globin genes from 

their normal chromosome context are transferred to human and 
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MEL cell hybrids, the expression level is compatible to that 

of the endogenous mouse globin genes (Papayannopoulou et al, 

1986]. These observations indicate that an additional control 

sequence at a distance from the structural gene are necessary 

for high level and tissue specific expression of the globin 

genes. These remote regulatory sequences are collectively 

named the locus control region (LCR). The human ~-gene LCR, 

localized 5-20 kb upstream of the ~-globin gene cluster, has 

been extensively studied by several investigators. When DNA 

fragments containing structural ~-globin gene linked to a ~

LCR sequence are introduced into both murine erythroleukemia 

(MEL) cells and transgenic mice, a high level of erythroid 

specific expression is observed [Grosveld et al, 1987; Ryan et 

a.l, 1989; Collis et al, 1990]. 

The search for a similar control region for the a-globin 

genes was greatly facilitated by the observation of a natural

ly occurring a-thalassemia-! mutation (exaM) in the British 

population (Nicholls et al, 1985; Nicholls et al, 1987]. This 

62 kb upstream a-thalassemia-! deletion does not involve the 

a-globin genes; however, the affected chromosome directs no a

globin chain synthesis. This implies that the deleted fragment 

contains a crucial element for the a-globin gene expression. 

Higgs et al constructed recombinant DNA fragments containing· 

an a-globin gene linked to fragments normally located within 

the 62 kb segment that was deleted from the exaM chromosome. 

These recombinants were introduced into MEL cells and in 
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transgenic mice, and the a-globin gene expressions was 

studied. The experiments showed that remote positive regulato

ry sequences were localized 30-50 kb upstream of the a-globin 

genes [Higgs et al, 1990]·. This positive regulatory element 

upstream of the a-globin complex functions as a powerful 

enhancer and confers high-level expression (comparable to that 

observed when an intact chromosome is transferred to MEL 

cells) on the linked a-globin genes in a tissue-specific and 

integration site independent manner [Higgs et al, 1990]. 

The ~-globin LCR contains four erythroid-specific DNase I 

hypersensitive sites. Similarly, two prominent DNase I ery

throid-specific hypersensitive sites are present within the a

globin gene LCR located at -33 and -40 kb (upstream from the 

t2 "CAP" site), respectively [Collis et al, 1990; Higgs et al, 

1990]. 

In addition to the (aa)AA deletion which removed the region 

from -52 to +10 kb relative to the t2 "CAP" site, one more 

naturally occurring deletion which removed a large DNA segment 

between -30 and the telomere of chromosome 16 was found.· This 

deletion also gives rise to an a-thalassemia-! phenotype, 

while having intact a-globin structural genes [Wilkie et al, 

1990a]. The a-globin gene positive control region detected by 

the recombinant DNA technique is in agreement with the 

overlapping area between these two deletions. It is concluded 

that this region contains a major determinant of a-globin gene 

expression [Higgs et al, 1990]. 
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F. The Molecular Basis of a-Thalassemia; Deletional 

a-Thalassemia 

I. Deletional a-thalassemia-2 determinants. Deletional a-

thalassemia-2 is due to a single a-globin gene deletion. The 

two most frequently occurring types are the rightward dele

tion ( -a3·7 ; 3. 7 kb deletion) and the leftward deletion ( -a4
·
2

; 

4.2 kb deletion) they are so named because of the locations of 

the deleted DNA fragments on the genome [Embury et al, 1980] ·• 

The two human adult a-globin genes are located in a segment of 

DNA which can be artificial+¥ divided into three homologous_ 

fragments (X- , Y- , and z-boxes) by three short divergent 

regions (I, II, and III) (Figure [I-2]) [Lauer et al, 1980; 

Michelson et al, 1983]. During miosis, chromosome misalignment 

may occur along the two z segments which are -3.7 kb apart or 

along the two X segments which are -4.2 kb apart; unequal 

cross-over will result in_a chromosome with one a-globin gene, 

and a second with three a-globin genes. The reciprocal 

recombination between two z boxes which each contain 1741 

nucleotides produces a -0.3·7 chromosome and an aaaanti3.? chromo-

some. Depending on the location of the unequal_cross-over wit-

hin the z boxes, the chromosome· with the 3.7 kb deletion can 

be further subdivided into three types, identified as -a3
·
71

, -

a3·7n, and -a3·7m [Embury et al, 1980]. These subtypes can be 

detected by Southern blot hybridization ~ue to sequence 

differences of the Z-boxes in the a2- and -a1-globin genes 
) 
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Rightward Crossover (Z box) Leftward Crossover (X box) 

Figure [I-2]: The mecHanism resulting in the formation of two 

types of _a-thalassemia. Homologous segments are indicated by 

X Y Z and nonhomologous regions by I, II, and III. The size 

and location of each deletion are .indicated by the stippled 

blocks while the limits of the breakpoints are represented by 

solid lines. Misaligned chromosomes crossing over to produce 

the -a3•7, aaaanti3. 7 and -a4·2, aaaan"4·2 haplotypes are illustrated at 

the bottom of the figure [modified after Higgs et al , 1989 

and Liebhaber, 1989] .. 
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[Higgs et al, 1984]. Reciprocal recombination between the two 

homologous X boxes (1440 bp long), generates a -a4·2 chromosome 

and an aaaanti4.2 chromosome (Embury et al, 19 8 0; Trent et al, 

1981; Ramsay et al, 1985; Nakatsuji et al, 1986]. The frequen

~y of each cross-over is directly related to the length of the 

fragments involved: thus -a3·71 [1741 bp]> -a4·2 [1440 bp] >-a3·m[171 

bp]>-a3·7III[46 bp]) (Rubnitz and Subramani, 1985; Higgs et al, 

1989]. The reciprocal unequal crossover between the two Y 

boxes has never been observed (Liebhaber, 1989]. 

A fifth a-thalassemia-2 deletion (-a3·5 ) . removes 3. 5 kb DNA 

segment including the entire a1-globin gene and its flanking 

DNA. This rare a-thalassemia-2 determinant was reported in 

only two Asian Indian patients. The underlying mechanism and 

the breakpoints of this deletion have not yet been studied 

(Kulozik et al, 1988]. 

A novel a-thalassemia-2 determinant with a 5.3 kb deletion 

was reported in a family from Naples, Southern Italy. This 

deletion partially removes the 5 1 end of the a2-globin gene. 

This new a-thalassemia-2 deletion was assigned the symbol 

(a) a 5·3 due to the presence of the residual 3 1 end of the a2-

globin gene. It was characterized by a PCR-based DNA sequenc

ing method; its 5 1 breakpoint is located in ~the intergene 

region of the ~a2- and ~a1-globin genes, 822 bp upstream of 

the Cap site of the ~al-gene and about 150 ·bp upstream of a 

300-nucleotide Alu family member and its 3 1 breakpoint is 
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found in the IVS 1 nucleotide 58 of the a2-globin gene 

[Lacerra et al, 1991]. 

The presence of a -a mutation (for example, -a3·7 ) is associat-. 

ed with a slight increase in r-chain production; at birth 

about 0.1-0.8% of the total a-chain and r chain in a-thalas

semia-2 heterozygotes (-a3·7 faa) is versus o-o. 6% in normal 

newborns with the aafaa genotype. Similar observation has been 

made for the newborn with an a-thalassemia-! heterozygosity 

(--/). The presence of an a-thalassemia-! determinant is often 

associated with a higher increase in r-globin production, 

provided that the r2-globin gene is not part of the deletion. 

Values of 1.0-1.5% r-chain (as % of a+r) have been reported 

[Chui et al, 1986; Kutlar et al, 1987; McKie et al, 1992;]. 

II. Deletional a-thalassemia-1 determinants. a-Thalassemia-! 

is caused by the deletion of rather large DNA segments which 

partially or completely involve both a-globin· genes (a2- and 

al-globin genes). The size of the deletions ranges widely from 

5.2 kb to 62 kb or even longer [Chang. and Kan, 1984; Felice et 

al, 1984; Chan et al, 1985; Fischel-Ghodsian et al, 1987]. The 

mechanisms underlying the a-thalassemia-! detetions have not 

been clearly defined, and often an a-thalassemia-! is referred 

to as the result of intra- or inter-chromosome illegitimate 

(or nonhomologous) recombination event. There is no evidence 

that the large a-thalassemia-1 deletions involve extensive 

homologous DNA sequences which, as was discussed before, are 
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required for the reciprocal recombination events in the 

formation of a-thalassemia-2 deletions [Nicholls et al, 1987]. 

Data from sequence analysis of breakpoints of a-thalassemia-1 

deletions have suggested that some might be mediated by a 

number of structural motifs such as palindromes, direct 

repeats, regions of weak homology, and the frequently occur

ring short oligonucleotide GAGG repeat unit. One of the a

thalassemia-1 alleles, namely the Mediterranean deletion (-

MEDI) , results from a more complex rearrangement because an 

upstream segment of DNA has been inserted between the two 

breakpoints of the deletion [Nicholls et al, 1987]. · 

Many of the 3' ends of the a-thalassemia-1 deletions map 

between the a1-globin gene and the 3' hypervariable region 

(3 'HVR). Certain special structural features such as high 

hypomethylated GpC contents and some unusual chromatin 

structure might promote recombination within this segment 

(Higgs et al, 1989·]. 

It has been noted that several a~thalassemia-1 deletions have 

a similar size of 20-30 kb. A common mechanism facilitating a 

deletion of an integral number of chromatin loops during 

replication might play·a role in the- genera~ion of these a

thalassemia-1 determinants (Vanin et al, 1983]. 

The common types of the a-thalassemia-2 deletion, namely -a3
·
7 

and -a4
·
2 can be found throughout the world, although the 

leftward deletion ( -a4·2 ) is more frequently seen in Southeast 

Asia than anywhere else [Liebhaber, 1989]. The geographic 
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distribution of the a-thalassemia-1 determinants is different: 

some particular alleles can only be found in a limited area or 

even one or two families (Higgs et al, 1989]. The __ sEA 

deletion is the predominant form of a-thalassemia-1 in 

Southeast Asia, while the __ MEDI -~MEDn and -a20·5 deletions are 

quite common among the patients with Hb H disease from the 

Mediterranean basin and have not been found in other areas. A 

few deletions have a limited geographic distribution such as 

the __ Brit type and the __ sA type, which have been mainly 

observed in England and South Africa, respectively [Higgs et 

al, 1989; Vandenplas et al, 1987; Fei et al, 1991b] 

Another type of a~thalassemia-1 is characterized by the 

presence of the intact structu~al a-globin genes, while the 

upstream positive control region (also referred to as the a

LCR) is part of the deletion. The.first observation of this 

aaAA deletion was made in a British family. The (aa)AA deletion 

results from a recombination between two Alu family repeats 

with about 80% homology and separated at a distance of 62 kb 

[Nicholls et al, 1985; Higgs et al, 1989; Wilkie et al, 

19908
]. A chromosome with this type of deletion cannot direct 

a-globin synthesis, in this respect this deletion is compara

ble to that which involves the two structural a-globin genes. 

Homozygotes for a-thalassemia-1 alleles which do not involve 

the r-globin gene {See Figure [I-3]) have the Hb Bart's 

hydrops fetalis syndrome. Homozygosity for a-thalassemia-1 

alleles involving both a-globin gene and the r-globin gene is 
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lethal, because neither embryonic ( t2'Y2t r2e2, a2e2) nor fetal 

(a2'Y2) Hb can be made by such a homozygous fetus [Winichagoon 

et al, 1984]. 

G. The Molecular Basis of a-Thalassemia; Nondeletional 

a-Thalassemia 

The majority of the a-thalassemia determinants is due to 

deletions rather than single point mutations, frameshifts or 

the deletions of a few nucleotides. This is in an obvious 

contrast to ~-thalassemia, where more than 150 nondeletional 

molecular defects have been reported (Kazazian H H Jr, 1990; 

Huisman, 1990; personal communication in the Sickle Cell 

Center, Georgia, 1992]. 

Several types of nondeletional a-thalassemia have been 

recognized (See Figure (I-4]). Two alleles affect RNA process

ing, namely one which is· due to, a five-nucleotide deletion at 

the donor site of IVS 1.of the a2-gl~bin g~ne (~p~ice junction 

mutation) and a second which. involves a mutation in the 

polyadenylation signal AATAAA (Orkin et al, 198,1b; Higgs et 

al, 19838
; Yuregir et aJ.., 1991]. The splice junction mutation 

affects. the invariant .t,GT sequence and prevents the spicing of 

the primary RNA transcr'ipt from the normal donor site while an 

alternative consensus donor site in exon I is activated. The 

polyadenylation signal mutation affects the RNA transcript 3' 

end processing and the addition of a normal poly (A) tail. 

Other alleles affect mRNA translation: three initiation codon 

(ATG) mutations abolish mRNA translation and one (found on a 



27 

-a3
·
7m chromosome) affects translational initiation by a 

dinucleotide deletion at -2 and -3 position upstream to the 

consensus ATG initiation codon. Two alleles affect mRNA 

translation by premature termination. One allele results from 

a nonsense mutation at codon 116 (GA~UAG) of the a2-globin 

gene. Another results from a reading frameshift due to an AG 

dinucleotide deletion at the junction of exon 1 and intron 1 

of a -a3·
7 chromosome [Moi et al, 1987; Olivieri et al, 1987; 

Merle et al, 1985; Merle et al, 1986; Safaya et al, 1988; 

Liebhaber et al, 1987]. 

Another group of nondeletional a-thalassemia alleles results 

from a single nucleotide substitution at the termination codon 

(TAA) of the a2-globin gene. These mutations allow the polyri

bosome to read through into the 3 1 untranslated region until 

the next in-phase termination codon is reached and give rise 

to an elongated a-globin chain. These abnormal mRNAs as well 

as the extended a-chains are highly unstable so that this type 

of mutation will cause a decreased a-chain synthesis and thus 

an a-thalassemia mutation [Clegg and Weatherall et al, 1971; 

Clegg and Weatherall et al, 1974; DeJong et al, 1975; Bradley 

et al, 1975]. 

Four types of a-thalassemia are caused by the presence of a 

highly unstable Hb molecule; the a-chain in this Hb is 

abnormal because of a specific point mutation in one of the 

coding regions. The level of a-mRNA in such patients seems to 

be normal but the newly synthesized unstable a-chain is 
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subjected to proteolysis and is then rapidly destroyed. 

Examples are Hbs Quang Sze, Suan Dok, and Petah Tikvah which 

have point mutations in exon 3 (See Figure [I-4]); and the 

affected amino acid substitutions occur at the al~l contacts 

which are important for efficient Hb assembly. Hb Evanston has 

a mutation in exon 1 and produces a highly unstable hemoglobin 

[Goossens et al, 1982; Sanguansermsri et a1,· 1979; Honig et 

al, 1981; Honig et al, 1984]. The newly discovered ~b sun 

Prairie ( a/30AJa-Pro~2 ) also has a high instability and a homozy

gosity for this variant results in the clinical picture much 

like a-thalassemia-! [Harkness et al, 1990]. 

More than a dozen nondeletional a-thalassemia alleles have 

been characterized so far; all but one are found in the a2-

globin gene. This unequal distribution of the mutations 

between the a2-globin gene and the al-globin gene may not be 

a reflection of different mutation rate of the two genes. It 

was demonstrated that the a-chain variant abnormal hemoglobins 

without clinical consequences are equally distributed between 

the two a-globin genes [Liebhaber, 1989]. It is important to 

recall that the steady state level of the a2-mRNA is about 

three times that of al-mRNA, thus humans have a major. a2-

globin gene and a minor al-globin gene. The different levels 

of expression between the a2- and the al-globin genes has been 

verified by hybrid selection experiments [Orkin et al, 19818
; 

Liebhaber et al, 1986]. It is reasonable to speculate that a 
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mutation in the a2 locus would have a more severe impact on a

chain synthesis than that in the al locus. Individuals with a2 

mutations would, therefore, have more recognizable phenotypes 

[Higgs et al, 1981a; Liebhaber, 1989]. 

H. Interaction between a-Thalassemia and Abnormal Jib variants 

In Southeast Asian countries such ~s Thailand and South 

China, where there is a high frequency of genes for both a

thalassemia and Hb E (a2~~), a series of clinical disorders 

has been discovered which are caused by different combinations 

of these genes [Wasi et al, 197 4] •· A similar condition occurs 

in American Blacks, where the interaction of a-thalassemia-2· 

with the Hb S gene is frequently observed. The relative amount 

of the abnormal hemoglobin present in such double heterozygous 

carriers is usually less than in those with only the heterozy

gosity for the (3-chain va.riant [Huisman, 1977]. An decrease in 

the post-translational assembly of the'hemoglobin molecule is 

responsible .for this phenomenon: in ·facing a limited amount of· 

a-chain, the mutant ~-subunit cannot compete effectively with 

their normal counterpart [Abraham and Huisman, 1977]. The 

coinheritance of an a-thalassemia-2 gene and the {38 gene not 

only results in a decreased Hb s percentage in the peripheral 

blood of Hb s heterozygotes but also modifies the clinical 

manifestations of patients with homozygous Hb S disease in 

terms of anemia, hemolysis, vasa-occlusive episodes and other 

red cell abnormalities (Embury et al, 1982; Mears and Lachman 

et al, 1983]. 
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Also common are interactions between a-thalassemia and an a

chain structural variant such as Hb Q-Thailand ( a/4Asp-His{32 ) I a-

thalassemia-! in Southeast Asia and Hb G-Philadelphia 

(a268As~Lys{32 ) ja-thalassemia-2 in American Blacks. Hb Qja-thalas

semia is found mainly in Thailand and in other countries of 

Southeast Asia. The clinical picture is similar to that of Hb 

H disease. Affected individuals- display a total absence of Hb 

A because of the deletion of the a-globin gene in cis to the 

aQ gene (-aQf). The possibility was confirmed by gene mapping 

studies indicating that the aQ gene behaves as an a-thalasse

mia-2 determinant [Lie-Injo et al, 1979]. Thus, patients with 

Hb Qja-thalassemia have a genotype --j-aQ and the resulting Hb 

H di"sease causes symptoms of chronic anemia with intermittent 

jaundice, hepatosplenomegaly and a clinical course indis

tinguishable from an ordinary Hb H disease (Wasi et al, 1974]. 

Hb G ~~~~ is an a-chain variant that occurs predominantly in 

Blacks and like Hb Q, is usually associated with deletion of 

the linked a-globin gene in cis ( -a0 1) ; heterozygotes have 

different percentages of Hb G dependent upon the number of a

globin genes in trans (-35% in persons with -a0 jaa and ~45% in 

persons with -a0 j-a) (Felice et al, 1982; Rucknagel and 

Rising, 1975]. Since the a-thalassemia-! chromosome (--/) is 

rare in Blacks, Hb H disease with Hb G has been described in 

only two families [Rieder et al, 1976; Milner and Huisman, 

1976]. In both cases, there was total absence of Hb A, 

consistent with the genotype (--j-a0 ). 
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I. Acquired a-Thalassemia and a-Thalassemia Associated with 

Mental Retardation 

An unusual type of a-thalassemia has been reported among 

patients with a variety of clonal bone marrow abnormalities 

such as erythroleukemia, myelogenous leukemia, preleukemic 

syndromes and myeloproliferative disorders. The occurrence of 

the a-thalassemia in these disorders has been identified by 

the presence of the Hb H inclusion bodies upon the supravital 

staining of red blood cells from the patients; Hb H can be 

demonstrated by electrophoresis of the hemolysate and the 

level of Hb H can reach as high as 50-70%. In vitro hemoglobin 

chain synthesis studies revealed the presence of two popula

tions of erythrocytes in the blood of affected patients: one 

population had a decreased af~ synthesis ratio; the other,· had 

a normal af~ ratio. This feature can be explained by the 

clonal nature of this acquired a-thalassemia. The molecular 

basis of acquired Hb H disease has not been characterized 

yet, but gene mapping analyses show that it is not associated 

with the a-globin gene deletion [Anagnou et al, 1983; Higgs et 

al, 1983b]. 

More than a dozen Hb H patients associated with dysmorphic 

features and mental retardation from a variety of racial 

groups have been reported. A subgroup of these patients has a 

de novo deletion of the entire a-globin cluster on one of the 

chromosomes, while in the other subgroup no deletion could be 

found. The size ·of the deletion in some cases is so large that 
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the entire distal short arm of chromosome 16 is involved as 

demonstrated by cytogenetic analysis. The molecular defects of 

this syndrome remain to be established [Wilkie and Zeitlin et 

al, 1990; Wilkie and Buckle et al, 1990]. 

J. The Significance of the Research Project 

a-Thalassemia is perhaps the most common single gene disorder 

in humans. Some forms of a-thalassemia severely affect human 

health. Thus, a study of a-thalassemia (particularly, its most 

important representative Hb H disease) not only has basic 

scientific relevance for the understanding of gene expression 

and regulation but also has practical significance. 

I.. Hb H disease is usually a thalassemia intermedia with 

microcytosis and hypochromia. The clinical manifestations are 

widely different from mild anemia to severe hydrops fetalis. 

The relationship between clinical severity (phenotype) and 

genotype has not yet been completely established. There is 

some limited information regarding the different effects of 

the -a3·7 and -a4·2 deletions expressed by the different levels 

of Hb Bart's in cord blood and by RBC indices [Bowden et al, 

1987]. Also, some data indicate that patients with genotype 

--J(aa)T are more severely affected than those with genotype 

--;-a (Kattamis et al, 1988]. There is no complete information 

available to establish the relation between these two parame

ters. An extensive investigation may reveal. such a correla

tion. 
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II. It was once considered that /j-thalassemia was due to 

point mutations in the /j-globin gene and a-thalassemia to 

large DNA fragment deletions (Weatherall and Clegg, 1981; 

Higgs et al, 1989; Liebhaber, 1989]. In recent years with the 

establishment of molecular cloning, PCR gene amplification and 

DNA sequencing, perhaps 95% of the molecular abnormalities 

causing /j-thalassemia have been elucidated. At present only 

some 10 and 20 mutations are known·to cause non-deletional a

thalassemia (such as initiation codon mutations, splice 

junction mutations and polyadenylation signal mutations) 

besides some a-chain structural variants.(Higgs et al, 1989; 

Liebhaber, 1989]. It may well be that mutations responsible 

for non-deletional a-thalassemia involve several steps in the 

process of gene expression simil·ar as is seen in /j-thalassemia 

(Huisman, 1990]. Thus, a search for new non-deletional a

thalassemia mutations will increase ·our knowledge anc;l .may 

unify the molecular basis for both /j- and a-thalassemias. 

III. In contrast to the homologous recombination events that 

give rise to chromosomes with a single a-gene (-a) [Embury et 

al, 1980], we know little about the initial alignment. and the 

illegitimate recombinations between apparently unrelated 

regions that give rise to the a-thalassemia-1 defects [Nicho

lls et al, 1987]. A study of the molecular basis of a-thalas

semia and detailed physical mapping analysis of a few selected 

a-thalassemia-1 deletions may help us understand how such 
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illegitimate cross-over events tak~ place. Some of these might 

involve basic chromatid structure and function. 

K. The Hypothesis and Goals of T.his Research 

In view of the complexity of Hb H disease in both genotype and 

phenotype, a· search for the heterogeneity of Hb H disease 

based on data from a worldwide survey of many Hb H patients 

will reveal some new deletional a-thalassemia-2 and a-thalas

semia-! determinants which inactivate one or both a-globin 

genes, and some additional nondeletional a-thalassemia 

mutations which exert various effects on gene expression in 

the different stages of transcription and translation. It is 

hypothesized that various genotypes will be observed and 

hematological data can be correlated with the corresponding 

genotypes. 

The goals of this research are: 

I. To explore the relationship between the genotype and the 

clinical manifestations, i.e. phenotype. 

II. To discover and characterize some new a-thalassemia-! and 

a-thalassemia-2 alleles and to analyze their molecular basis. 

Their exact sizes and locations and the breakpoints for a few 

selected cases will be determined by gene mapping, PCR-based 

DNA amplification, molecular cloning and DNA sequencing. 

III. To look for new types of non-deletional a-thalassemia 

mutations. 
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MATERIALS· AND METHODS 

A. Collection of Blood samples 

More than 100 patients with Hb H disease and numerous family 

members from 16 different countries (China; Southeast Asia: 

Indonesia, Malaysia; Mediterranean Basin: Yugoslavia, Turkey, 

Tunisia, Bulgaria, Italy, Cyprus, Greece and Saudi Arabia; 

South Africa; Canada; other European countries and American 

Blacks) were included in this research project. 

Blood samples (5-20 ml) were collected from patients and 

family members. Collections were in vacutainers with EDTA as 

anticoagulant. Samples were kept at 4°C. All samples obtained 

overseas.were transported by air to Augusta, GA. Storage.was 

at 4°C at all times. Informed consent was obtained. 

Some hematological studies were carried out in local hospi

tals or research institutes and DNA was extracted at that 

time. DNA precipitates in 70% alcohol were shipped by air. 

B. Hematoloqical Evaluation and Hemoqlobin Identification 

Hematological values were determined with an automated cell 

counter (ToajSysmex Model CC-720. Toa Medical Electronics Co., 

Koba, Japan). Red blood cell indices were calculated from.the 

values of the total Hb concentration, packed cell volume {PCV) 

and red blood cell count. 
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I. Reticulocyte count 

The brilliant cresyl blue supravital stain method was used to 

estimate the reticulocyte counts. Equal parts of the stain and 

fresh blood were mixed in a diluting pipet and rotated for 20 

minutes prior to making a smear. Next, the reticulocytes were 

counted using a microscope. 

II. Peripheral blood smear observation 
I . 

A moderately thin slide was prepared arid stained with Wright-

-Giemsa preparation. The cells were examined to evaluate the 

possible presence of an anisocytosis, poikilocytosis, hypo-

chromia, microcytosis, and of target cells. 

III. Hemolysate preparation 

Red blood cells were washed three times with isotonic saline 

and hemolyzed with 1.5 times the volume of water and 0.4 times 

the volume of carbon tetrachloride for 15 minutes at room 

temperature with occasional stirring. Stroma was removed by 

centrifugation at 20,000 g at 4°C for 20 minutes. These 

hemolysates were used for electrophoretic or chromatographic 

analysis. 

IV. Detection of inclusion bodies or Heinz bodies 

A standard solution of brilliant cresyl blue in physiological 

saline (1g NaCl/dl) was mixed with fresh blood in a ratio of 

1:1, and the mixture was incubated for 3 hours at 37° c. A 

moderately thin blood smear was made and examined under a 

microscope with an oil immersion lens (100X). 
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v. Hemoglobin identification: isoelectric focusing on a thin 

layer gel 

Hemoglobin variants were detected and identified by 

isoelectrofocusing on a thin layer gel (Righetti et al, 

19868
]. Heme-lysate (about 6 p.l) was applied onto a 1 mm 

precast agarose gel containing RESOLVE Ampholytes pH 6-8 

(IsoLab Inc.). A pH gradient in the agarose gel was formed 

during electrophoresis. The hemoglobin variants also migrated 

through the gel until they reached the area where their 

individual pis equal the corresponding pH on the gel. The gel 

was run on a LKB Multiphor II Horizontal Electrophoresis Unit 

with constant power set to 30 watts for about 2 hours. When 

all hemoglobin bands focused, the gel was fixed in 10% 

trichloroacetic acid for 10 minutes. Hemoglobin bands were 

visualized by an 0-dianisidine stain (a heme-specific dye). A 

hemoglobin control containing known concentrations of Hb A, F, 

s, c, and Hb Bart's was run at various points on the gel to 

ensure that electrophoresis and staining was being properly 

performed. 
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VI. Hemoqlobin A2 quantitation by micro-chromatography 

Hemolysate of whole blood was absorbed · onto a chromato

graphic column (Quik-Sep. Hemoglobin A2 Test System. Isolab, 

Inc.) with a preconditioned resin bed (using DEAE-cellulose as 

anion exchanger). Hb A2 (plus Hb E or Hb c,. if present) was 

selectively eluted from the column under specific conditions 

of pH and chloride ion Goncentration (developer A: 0.2 M 

glycin-0.01% KCN). All the remaining hemoglobins were eluted 

and collected as a single, separate fraction (developer B: 

0.2M glycin-0.2M NaCl-0.01% KCN) [Huisman et al, 1975]. 

The quantity of Hb A2 was calculated by the ratio of absor

bance at 415 nm of the two fractions. 

VII. Quantitation of normal and abnormal hemoqlobins by high 

performance liquid chromatography (HPLC) 

A weak cation-exchange column (SynChropak CM-300) was 

utilized to quantitate normal and abnormal hemoglobin· by a 

Waters HPLC system (Waters Chromatography Division. Milford. 

MA). The principle is the same as cation-exchange chromatog

raphy [Bisse et al, 1988]. 

The column was equilibrated with 90% developer A (30mM 

Bis-Tris-1.5mM KCN-pH 6.4 adjusted with glacial acetic acid) 

and 10% developer B (30mM Bis-Tris-1. 5mM KCN-150mM sodium 

acetate-pH 6. 4 adjusted with glacial acetic acid) for 10 

minutes. Following equilibration, 100-250 ~g of Hb (10-15 ~1 

of hemolysate) was injected onto the column. The flow rate for 



41 

the entire program was 1 mljminute. The chromatogram was 

developed by applying a gradient of 10% to 100% developer B in 

90 minutes. The eluate was being monitored at 415 nm. 

The Hbs Bart's, F, A, A2 , D, s ... were readily separated from 

each other and accurately quantitated. 

For Hb F quantitation, a polyCAT-A column with the corre

sponding developmental system was used. For Hb Bart's and Hb 

H quantitation anion-exchange HPLC was used. 

VIII. Globin chain separation and quantitation by reversed

phase HPLC 

A large-pore Vydac C4 column was used to separate and 

quantitate 0~, A~ and r-chain and other globin chains [Kutlar 

et al, 1987]. 

The separation of globin chains in this system depends 

primarily upon differences in their hydrophobicities. As a 

general rule, the more polar (less hydrophobic) chains elute 

earlier in the chromatogram. 
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Figure [H-2]: Globin chain separation and quantitation by 
reversed-phase HPLC. All five samples are from 
newborn babies with the stated a globin gene 
deficiencies (HF = baby with hydrops fetalis). 
Several known chains are identified as a, f, 
{3, or a'Y and A'Y chains. The %{3 is calculated· as 
% of ({3 + 'Y)i the %f is also calculated as % 
of (a + r; . 
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Some 100-200 ~g of Hb was applied to the column. The presence 

of TFA in the buffers (Developer A: 20% acetonitrile-SO% 

H20-0.1% TFA; Developer B: 60% acetonitrile-40% H20-0.1% TFA) 

resulted in a very low pH (2.0), which detached the heme. The 

chromatogram was developed at a flow rate of 1 mlfminute by 

applying a gradient of 50%-60% buffer B in 50 minutes. Then, 

the column was purged with 100% developer B for 5 minutes and 

equilibrated with a mixture of 50% developer A + 50% developer 

B for 10 minutes. If the separation and quantitation of 

embryonic r-chain was desired, a second gradient of 60% to 78% 

of developer B in 60 minutes was applied. The eluate was being 

monitored at a wavelength of 220 nm. An injection peak was 

followed by the heme peak and then by the ~' a, A~T, 0~ and A~I 

chain in that order (see Figure (M-2)]. 

c. isolation of Human Genomic DNA from Blood 

DNA was ·isolated from white blood cells, essentially by the 

method of Poncz (Poncz et al, 1982]. About 10-20 ml of blood 

were washed three times with 30-40 ml of 1 X reticulocyte 

saline (NaCl 14 OmM-KCl 4mM-MgC12 6. BmM) and centrifuged at 

2500 g for 10 minutes at 4°C. The supernatant was removed by 

aspiration. The red blood cells were hemolysed by addition of 

30 ml of a freshly prepared lysing solution (131mM NH4Clf0.9mM 

(NH4 ) 2C03 , pH 6.5] for 20 minutes at room temperature with 

gentle mixing. The white blood cells were collected by 

centrifugation at 2500 g for 10 minutes at 4° c and the 
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supernatant (hemolysate} was removed carefully and stored for 

hemoglobin analysis. This washing was repeated once, thereaf

ter the pellet (mainly white blood cells} was resuspended in 

19 ml STE solution ( 0. 1M sodium chloride-a. 05M Tris·cl (pH 

7. 5) -lmM EDTA) • The white blood cells were dispersed thorough

ly by vigorously shaking and a small volume (1 ml) of a 10% 

SDS solution was added to a final concentration of 0.5% SDS. 

Proteinase K stock solution (200 JJ.g/ml in lOmM Tris·Cl) was 

added and the mixture was incubated at 37°C overnight without 

shaking; the mixture became viscous upon incubation. Next, an 

equal volume of redistilled phenol saturated with 200 mM 

Tris·Cl (pH 8.0) containing 0.1% hydroxyquinoline as an 

antioxidant was added and the mixture was shaken very gently 

for 10 minutes and cooled on ice for 10 minutes, and centri

fuged at· 2500 g for 10 minutes at 4°C. The aqueous layer wa·s 

transferred with a large bore pipet (broken Pasteur} into a 

clean tube and an equal volume of phenol and chloroform 

mixture was added to the tube (chloroform contained 1/24 

volume of iso-amyl alcohol). The mixture was shaken for 10 

minutes, chilled on ice for 10 minutes and centrifuged. The 

·aqueous phas~ was collected, 20 ml chloroform was added, 

shaken gently for 10 minutes and chilled on ice for 10 

minutes. After centrifugation at 2500 g for· 10 minutes at 4°C 

the aqueous phase was transferred to a 50 ml tube. This 

aqueous phase was poured into 200ml 95% ethanol in a plastic 

flask at room temperature. The final ·concentration of ethanol, 



45 

has to be kept at 70-80% during this precipitation process 

because a low concentration of ethanol would prevent the DNA 

from precipitation while a concentration above 80% causes RNA 

to co-precipitate. The DNA precipitate was washed three times 

with 70% ethanol in an Eppendorf tube to remove any residual 

phenol or salt, and dried under vacuum. The pellet was dis

solved in 1 ml of TE buffer (10mM Tris·Cl pH 7.5 and 1mM EDTA) 

by incubating overnight at 37°C. For the measurement of DNA 

concentration, optical density (O.D) was taken at a wavelength 

of 260 nm. An O.D. 2~ of 1.0 corresponds to approximately 50 

mgfml of DNA. The DNA was stored at 4°C. 

D. Methodology to Identify Deletional a-Thalassemia 

I. Gene mappinq 

a. Genomic DNA diqestion, electrophoresis and southern blot 

Five micrograms of genomic DNA was digested with a restric-

tion enzyme for 5 hours at the required temperature (recom

mended by the manufacturer) and the fragments are separated by 

electrophoresis on a d.8% agarose gel using A-DNA digested 

with Hind III as a size marker. TEA buffer (0.04M Tr.is-ace

tate, 0.001M EDTA, pH 8.3) was used for both agarose prepara

tion and electrophoresis. Electrophoresis was carried out on 

a horizontal electrophoresis chamber (BIO RAD DNA SUB CELL) at 

25-30 volts (Power Supply, BIO RAD) at room temperature, 

overnight. The DNA in the gel was stained with ethidium 

bromide (0.5 mgfml) and photographed under long-wavelength UV 
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light. The gel was trimmed to the desired dimensions. The DNA 

was denatured by soaking the gel in 0. 1N HCl for 3 0 minutes at 

room temperature and then in a denaturation solution (0.5M 

NaOH-1.5M NaCl) for 60 minutes with gentle shaking. The 

solution was removed and the gel was rinsed in distilled 

water. A neutralization solution (3M NaCl-1. 5M Tris·Cl, pH 7. 0) 

was added and the -gel was gently rocked for one hour. One 

layer of nitrocellulose membrane . (BIO-RAD. Trans-Blot. 

Transfer Membrane. Pur~ Nitrodellulo~e Membrane, 0.45 micron) 

and two layers of Whatman 3 MM. paper were cut with exact 

dimensions of the gel. The nitrocellulose membrane was we~ted 

in distilled water and rinsed in 2 ox sse solution ( o. 3M. ~odium 

citrate with 3M sodium chloride, pH 7.0), this solution was 

also used as a transfer ~elution during the Southern ·blot 

procedure. The transfer requires a triple layers of Whatman 3 

MM paper as a wick. The gel was placed on the wick, the 

nitrocellulose on the gel,· and the two layers of Whatman paper 

on the nitrocellulose membrane. The wick was scaled along the 

four edges of the gel to prevent any possible "short-cut" 

pathway during the transfer process. Paper towels were placed 

on top to a height of about 8 em and, finally, a single glass 

plate. The DNA was allowed to transfer for about 24 hours. The 

nitrocellulose was removed and baked at 70°-80°C in a vacuum 

oven for 3 to 4 hours to fix the DNA onto the membrane 

[Southern et al, 1975; Sambrook et al, 1989]. 
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b. Prehybridization 

The membrane was wetted in· a baking dish with a few ml of 6X 

sse + Denhardt's solution, which had the following composi

tion: 

SDS 0.5% 

BSA (Sigma, Fraction V) 0.02% 

Ficoll 400 (Sigma) 0.02% 

Polyvinylpyrrolidone (PVP) 0.02% 

Sodium Citrate 90 mM (pH 7.0) 

NaCl 0.9 M 

The membrane was then prehybridiz·ed with denatured and 

sonicated salmon sperm DNA (50-100 ~g/ml, see page 58 for the 

preparation of salmon sperm DNA) in 15 to 20 ml of lX Flavell 

Modified Solution [JX SSC + 0.1% SDS + 20mM phosphate buffer 

(pH 6.0) + 0.2% polyvinylpyrrolidone + 0.2% BSA] overnight at 

68°C in a shaking incubator. The prehybridization was carried 

out in a seal-a-meal plastic bag containing no air bubbles. 

c. Hybridization. 

a-32P-labeled probe was denatured by immersing the Eppendorf 

tube containing the probe in a boiling water bath . for 10 

minutes and thereafter the probe was immediately diluted into 

the solution used for the overnight prehybridization. The 

nitrocellulose membrane was hybridized with the hot probe 

overnight (at least 16 hours); it is important to remove the 

air bubbles carefully from the seal-a-meal bag. In general, 

some lOX 106 cpm of a-32P-labeled _probe in 10 ml of prehybri-
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dization solution is sufficient for the hybridization of one 

nitrocellulose membrane. Higher radioactivity will cause 

difficulties in washing the membrane resulting in a heavy 

background, while a low radioactivity will result in an 

insufficient· signal to be recorded. 

d. Membrane washing and autoradiography 

The membrane was washed in 3X sse + o. 5% SDS solution 

(Washing solution) with three or more half-hour changes; the 

radioactivity on the membrane was monitored with a Geiger 

counter (Ludlum. Measurements Inc., Sweetwater, Texas. Model 

3, Survey Meter); a few counts above background was permis

sible. The membrane was blotted dry, wrapped in Saran Wrap and 

exposed to a Kodak x-omat film with.Dupont Quanta III intensi

fying screens. The film was developed using a Kodak X-ray·film 

processor (Kodak X-OMAT M20 Processor). 

The position of a particular band is determined by assuming 

that the mobility of a DNA fragment is proportional to the 

logarithm of its molecular weight expressed as kilobase pairs; 

a co-electrophoresed A.DNA-Hindiii digest was used as molecular 

weight marker. The size of. a part~cular DNA fragment_ can be 

calculated by plotting the distance of the band from the 

origin against the standard curve derived from ADNA-Hindiii 

marker. 

~· Preparation of salmon sperm DNA 

The DNA (Sigma, Type-III Salmon Sperm DNA Sodium Salt) was 

dissolved in water at a concentration of 10 mgjml. If neces-
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sary, the solution was stirred on a magnetic stirrer for 2 to 

4 hours at room temperature to promote the DNA to dissolve. 

The DNA was sheared_ by passing it several times through an 

18-gauge hypodermic needle; next, this material was boiled for 

10 minutes and stored at -20°C in small aliquots. Prior to 

use, the DNA was heated for 5 minutes in a boiling water bath 

and chilled quickly in ice-water. 

f. Oliqolahelinq of probes 

The random primer · oligo labeling ·procedure was used as a 

method to label DNA restriction fragments to obtain hybrid

ization probes with high specffic activity [F~inbeh et al, 

1983]. The DNA to be labeled was first denatured and next 

mixed with hexadeoxyribonucleotides of random sequence. These 

random hexamers anneal to random sites on the DNA and serve as 

primers for DNA synthesis by the Klenow Fragment (E. coli DNA 

polymerase I). With labeled nucleotide(s) present during this 

synthesis, highly labeled DNA fragment is generated. As the 

Klenow Fragment lacks the 5'~3' exonuclease activity of DNA 

polymerase I, the labeled nucleotides incorpo~ated during 

oligolabeling are not subsequently excised as monophosphates. 

This is the greatest advantage of the oligolabeling procedure 

over the so-called nick-translation method, which utilizes the 

intact DNA polymerase I. 

An oligolabeling kit {Pharmacia)· was utilized to label the 

DNA fragment with labeled a-dCTP or analogues. The kit 

contains all unlabeled reagents and solutions. Ten ng to one 
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mg of linearized, double-stranded DNA fragment serves as the 

substrate._ In ge~eral, one piece of Southern blot nitrocellu

lose membrane requires about lOX 106 cpm a-32P-labeled probe. 

The standard protocol requires 20 to 50 ng of DNA fragment, 

which can be labeled to· a specific radioactivity of 1 to 2X 
. I 

109 dpmfmg using [ a-32P] · dCTP ( deoxycytidine 5 '-triphosphate 

tetra (triethylammonium) salt [a-32P]), specific radioactivity 

at 3000 Ci/mmol, concentration 10 mCi/ml from Du Pont. 

The double stranded DNA· fragment in an Eppendorf tube was 

denatured by heating for 10 minutes in a boiling water bath. 

The tube must be sealed tightly with autoclaving tape to avoid 

any evaporation or spilling. 

The DNA was placed immediately on ice for 5 minutes to avoid 

annealing between the two complementary DNA strands, and·next 

centrifuged briefly to spin down the condensation inside the 

tube. 

The following reagents were added 

Reaction Mix ._,: 

[a-32P] dCTP (3000 Ci{mmol) 

Klenow Fragment 

(DNA polymerase I large fragment) 

Distilled water up to 

10 J,£1 

5-10 J,£1 

1-2 J,£1 

50 p.l 

After gently mixing, the Eppendorf tube was centrifuged 

briefly and- incubated in a water bath at 37°-C for -3 hours or 

at room temperature overnight, depending on the time schedule 

of a particular experiment. It is not necessary to stop the 



51 

reaction by adding EDTA or by heating to inactivate DNA 

polymerase. 

The labeled probe was purified by using Sephadex G 50-80 

chromatography. 

q. Gel-filtration for purification of labeled probe 

Molecular sieve chromatography was used to separate the 

radioactive nucleotide labeled DNA fragment from unincorpo

rated a-32P-dCTP. Sephadex G 50-80 beads (Sigma Chemical Co. 

Bead Size 20-80 ~· DNA Grade) for gel-filtration were pre

swollen and equilibrated·in 1X eluting buffer (100mM NaC1~10mM 

Tris·Cl [pH 7.5]-0.5mM EDTA). Molecules with an average size 

of above 10,000 (Dextran) or 30,000 (Proteins) are excluded 

from the inner volume of the gel matrix (exclusion limit). The 

preswollen resin was packed in a 10ml disposable plastic pipet 

to a height of 10 em, leaving an empty volume of 1 to 2 ml 

above the resin. The column was equilibrated with the eluting 

buffer. Elution was accomplished at an approximate rate of 30 

drops/per minute. The oligolabeling reaction mixture was 

applied onto the column and allowed to run into the resin. 

Elution was with the buffer above. ·The typical elution profile 

is illustrated in Figure [M-3]. The effluent corresponding to 

the first peak (approximate 1 to 1.5 ml) was collected in 

fractions; overlap with the free a-32P-dCTP was avoided through 

monitoring the radioactivity on the column with a Geiger 

counter. The .total radioactivity was calculated from the 

counts obtained for 3 to 5 ~1 of the effluent using a liquid 
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scintillation counter (Beckman. LS 7500 Liquid Scintillation 

System. Microprocessor Controlled. Beckman Instruments. Inc., 

Fullerton, CA.). The labeled probe ·was stored· in a -20° c 

freezer. 
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II. Preparation and isolation of probes 

a. Isolation of a DNA fragment from an aqarose qel by "qene-

clean" procedure 

The DNA band detected by ethidium bromide was r~moved from 

the agarose gel with a razor blade. In order to minimize 

damage to the DNA sample, it is advisable to use the long

wavelength UV light for as short a time as possible. Some 2 to 

3 volumes of Nai stock solution (provided in the kit) was 

added and the final concentration of Nai was kept close to 4 

M. The mixture was incubated in a 45° c to 55° c water bath to 

dissolve the agarose slice. Some· 5 ~1 of Glassmilk suspension 

was added to the solution containing 5 ~g or less DNA and an 

additional 1 ~1 for each 0.5 ~g of DNA above 5 ~g, mixed and 

placed on ice for 5 minutes to allow binding of the DNA to the 

silica matrix. The silica matrix with the ·bound DNA was 

recovered in a pellet by centrifugation for approximately five 
I 

seconds in a microcentrifuge. The Nai supernatant solution was 

transferred to another tube, and the pellet was washed three 

times with NEW WASHING solution (provided in the kit) . The DNA 

was eluted from the Glassmilk matrix with TE buffer after 

incubation of the tube at 45°C to 55°C for·2 or 3 minutes. The 

pellet can be obtained by centrifugation for approximately 30 

seconds. The supernatant containing the eluted DNA was trans

ferred into a new tube and the isolation procedure was 

evaluated by checking the isolated DNA fragment on a minigel. 
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PUC-13 
· .. "' 2.73kb 
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L-1 

EcoR1 

EcoR1 
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The 6.8kb Bam HI fragment (inctudfng LO and L 1) is located 1 Okb upstream ofs 2-globin gene. 

Figure [M-4]: Structure of Plasmid pBam 6.8 



STRUCTURE OF INTER-ZETA PLASMID 

+ 
pUC 19 
2686bp 

The insert was subcloned into Sma 1 polycloning site and can be 
retrieved by double digestion of BamH1 & EcoR1. 

Figure [M-5]: Structure of Inter-zeta Plasmid 



STRUCTURE OF pSP64- a3'HVR PLASMID 
(A gift from Dr. D.R. Higgs) 

Hinf-1 4.0kb Hinf-1 
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devoid of restriction enzyme 
~ ~ 3'HVR tandem repeat array 

. Hinc2 sites except Mnl-1. 

Pst1. BamH1 

pSP64(-3.0kb) 

The pSEAI was isolated and constructed .from a chromosome carrying --SEA 
determinant. Mapping of pSEAI localized the 3'HVR to a 4.0kb Hinfl fragment, 
which was itself subcloned into pSp64 to give px 3'HVR0.64. [The 4.0kb Hinfl 
fragment was filled-in and blunt-end ligated into Hincll site of pSp64.] 

The 4.0kb 3'HVR DNA fragment can be retrieved by Pstl. and Bam HI dquble 
digestion of theplasmid p3'HVR0.64. 

Figure [H-6}: Structure of pSP64-a3'HVR Plasmid 



STRUCTURE OF PLASMID pBiuescript-8 1 

pBiuescript 
2961bp 

derived from puc-19 

ColE Ori 

81 

A 0.8 kb BamH I DNA fragment from normal human genomic 
DNA EMBL3 library was subcloned into a multiple cloning site 
of Bluescript vector (Biuescript Exo/Mung DNA sequencing 
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system instruction manual. Stratagene Cloning Systems. San Diego. CA.) 
The 0.8 kb e !-fragment can be easily retrieved by Bam HI digestion 
of the pBiuescript-8 I. 

Figure [M-7]: structure of Plasmid pBluescript-81 [Gonzalez

Redondo et al, 1988] 



STRUCTURE OF PLASMID pBR·H~cDNA 

pBR322 
4363bp 

Tet 
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r 

[A generous gift from Dr. Stephen H. Embury. 
Hematology Division, University of California. 

San Francisco.} 

Figure [M-B): structure of Plasmid pBR-HrcDNA 



STRUCTURE OF PLASMID pBR a-: 1 

Pst1 Pst1 

' ' a.-1 Globin gene 
from A. phage ~ a -G-2 

p8R322 
4363bp 

Plasmid pBRa. -I contains 1.5kb entire a.-1 globin gene 
which was isolated from A.-phage clone A. -H aG2. 

The 1 .5kb a. -I globin gene DNA fragment can be 
retrieved by Pstl digestion Of the pBR a. 1 . 
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Figure [H-9]: structure of Plasmid pBR a-1 [Lauer et al, 

1980] 



b. J:solation of a DNA fragment from a low-melting point 

aqarose qel 
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The plasmid DNA, which had been purified by cesium chloride 

equilibrium centrifugation and intensive dialysis in TE 

buffer, was digested with appropriate restriction enzyme(s) 

depending on the reconstruction methods and the fragments were 

fractionated on an 1-1.5 % low-melting point (LMP) agarose gel 

(SEA PLAQUE, FMC Bioproducts) by electrophoresis that was 

carried out overnight in the cold room (4° to 10°C) to avoid 

gel melting by the heat generated during the process. The 

buffer for the gel preparation and electrophoresis was the 

conventional 1X TEA. After completion, the LMP gel was stained 

with ethidium bromide. The desired bands containing the DNA 

fragment was cut-out from the LMP gel under long wavelength UV 

light. The gel was exposed to the UV light for the shortest 

time possible. The gel slice was transferred into an Eppendorf 

tube and stored in a deep-freezer (-70°C) for at least two 

hours. Next, the tube was centrifuged for_15 minutes at room 

temperature.· During centrifugation ·the heat generated from the 

spinning rotor will melt the LMP slice, the ~. _agarose 

structural· matrix was spun down to the bottom of the tube and 

the DNA fragment was released into the supernatant. This 

supernatant was collected and the DNA fragment was precipitat

ed by adding one tenth of 3M NaAc and 3 volumes of 100% ice

cold ethanol. The tube was placed in a dry-ice alcohol bath 

(-40° C) for 20 minutes and centrifuged in the cold room for 
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15 minutes to precipitate the DNA fragment at the bottom of 

the tube. The pellet was washed three times with 70% ethanol 

and dissolved in an appropriate volume of TE buffer depending 

on the quantity of the DNA fragment. This DNA fragment can be 

used directly as a substrate in a random primer oligolabeling 

experiment with Klenow fragment. 

III. Probe preparation for study of a-thalassemia determi

nants 

The following probes: pBR-al, a-3 'HVR, Inter r I Lo, .Lp 

H-f'cDN}\, _81 and ,Pal-probes, are selectively used to study 

a-thalassemia determinants. Their corresponding locations are 

shown in Figure (I-3] in Section "Introduction". The original 

r~combinant plasmid. structures are drawn.iri Figures (M-4-M-9]. 

The procedures for transformation, plasmid isolation and DNA 

fragment purification follow the general principle which is 

described in the following sections of this thesis. 

a. Transformation (Hanahan, 19838
; Hanahan, 1983b] 

E. Coli DHS,a subcloning efficiency competent cells (Bethesda 

Research Laboratories, Life Technologies Inc.) were used to 

carry out transformation experiment either with plasmid DNA or 

ligation products. 

Cells were removed from -70°C freezer and thawed on ice for 

20 minutes. Required number of sterile microcentrifuge tubes 

were chilled on wet ice. 

The cells were gently mixed, and aliquoted into chilled 

microcentrifuge tubes. Any unused cells were placed to a dry 



63 

ice/ethanol bath for 5 minutes before returning to the -70° C 

freezer. 

Plasmid DNA or ligation product with different dilutions was 

added. In each transformation experiment, a positive cont;-ol 

(pUC-19 DNA, 0.1 JJ.g/J.£1) was included~ The tubes wer~·gently 

tapped to mix. ·As a general rule, 1 to 10 ng of ·-lig~ted DNA 

gives the highest transformation.efficiency~ 

The cells were incubated on ice for; 30 minutes and heat 

shocked at 37° C for 20 seconds in a water bath without 

shaking. 

The tubes were placed on ice and 0.95 ml of room temperature 

s.o.c medium was added and shaken at 225 rpm (37°C) for one 

hour. 

s.o.c medium was prepared as follows: 

Bacto-tryptone 2.0 g 

Yeast Extract 0.5 g 

1M NaCl 1 ml 

1M KCl 2.25 ml 

1M MgC12 1 ml 

1M MgS04 1 ml 

2M Glucose 1 ml 

Distilled water up to 100 ml 

This medium was sterilized by autoclaving. 

The reaction containing control plasmid DNA was diluted 100 

fold with s.o.c medium and 100 J.£1 of this dilution was spread 

on LB plates with 100 JJ.g/ml ampicillin. The experiment 
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reaction was also diluted, if necessary, and 100 to 200 ~1 

were spread as described above. 

The plates were incubated in an inverted position at 37°C 

overnight. 

b. LB plate preparation 

Liquid Lb medium was prepared as follows: 

Ten grams of bacto-tryptone, five grams of bacto-yeast 

extract and ten grams of sodium chloride were added to 950 ml 

of deionized water. The mixture was shaken until the solute 

was dissolved. The pH was adjusted to 7.0 with 5N NaOH. The 

final volume of the solution was adjusted to 1 liter with 

deionized water. The liquid medium was sterilized by autocla

ving for 20 minutes. 

Media containing agar or agarose were prepared as follows: 

Liquid media were prepared according to the recipes given 

above. One of the following was added just before autoclaving: 

Bacto-agar 15 g/liter for plate 

Agarose 7 gjliter for top agarose 

The mixture was sterilized by autoclaving for 20 minutes at 

15 lbfsquire inches on a liquid cycle. When-the medium was 

removed from the autoclave, it was swirled gently to distrib

ute the melted agar or ·agarose .evenly throughout the solution. 

The medium was allowed;to cool to 50°C before adding.thermola

bile antibiotics. Plates can be poured directly from the 

flask; and each 90 rom plate requires about 30, to 35 ml of 
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medium. When the medium was completely hardened, the plates 

were inverted and stored at 4°C until needed. 

For blue and white color selection, 25 ~1 of X-Gal (40 mgfml) 

and IPTG (Isopropylthio-/3-D-galactoside, 40 mgfml) were spread 

on top of the agar. X-Gal and IPTG solutions were sterilized 

by filtration through a 0.22 micro disposable filter. 

c. Mini-preparation of plasmid DNA 

Smalt-scale preparation of plasmid DNA was used to investi

gate the colonies which were obtained from the transformation 

experiments during any subcloning work. 

A single bacterial colony was transferred into 2 ml of 

sterile LB medium (1% bacto-tryptone-0.5% bacto-yeast extra

ct-1% NaCl [pH 7. 0]) containing ampicillin 100 ~g/ml in a 

loosely capped 15 ml tube. The culture was incubated overnight 

at 37°C with vigorous shaking (300 rpm). 1.5 ml of the culture 

was poured into a microcentrifuge tube, and centrifuged at 

12, ooo g for 30 seconds at 4° c in a · microcentrifuge. The 

medium was removed by aspiration, leaving the bacterial pellet 

as dry as possible.· The bacterial cell pellet was resuspended 

in 0.5 ml of STE buffer (0.1M ·NaC1~10mM Tris·Cl [pH 8.0]-1mM 

EDTA [pH 8. 0]) and recentrifuged. After· removal of the STE 

buffer, the pellet was resuspended in 100 J.£1 of ice-cold 

solution I (50 mM glucose-25 mM Tris·Cl [pH 8. 0] -10 mM EDTA [pH 

8.0]) by vortex. It is essential to ensure that the bacterial 

pellet is completely dispersed in solution I. Approximately 

200 J.£1 of freshly prepared solution II (0.2N NaOH-1% SDS) was. 
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added and mixed by gently inverting the tube five times. Next, 

150 p,l of ice-cold solution III (a mixture of potassium 

acetate and acetic acid, 3M with respect to potassium and 5M 

with respect to acetate) was added and dispersed through the 

viscous bacterial lysate by vortexing the tube gently for 10 

seconds. The tube was placed on ice for 3 to 5 minutes and 

centrifuged at 12,000 g for 5 minutes at 4°C in a microcentri

fuge. The supernatant was transferred to a fresh tube. The DNA 

was extracted with an equal volume of phenol:chloroform. After 

centrifugation at 12,000 g for 2 minutes at 4°C.in a microcen

trifuge the supernatant (aqueous phase) was transferred to a 

clean tube. The double-stranded DNA was precipitated with 2 

volumes of ethanol at room temperature. The mixture was 

allowed to stand for 2 minutes at room temperature· and 

centrifuged at 12,000 g for 5 minutes at 4°C in a microcentri

fuge. The supernatant was removed by gentle aspiration. The 

double-stranded DNA pellet was washed with 1 ml of 70% ethanol 

at 4°C three times and dried in a vacuum desiccator for 10 

minutes. 

The nucleic acids were redissolved in 50 p,l of TE buffer (pH 

7.5) containing DNAase-free pancreatic RNAase (20 p,gjml) and 

stored at -20°C. 

The plasmid DNA was analyzed by cleavage with appropriate 

restriction enzyme(s) and by mini-gel electrophoresis. If the 

transformation is successful, the corresponding specific 

restriction DNA fragment is obtained. 
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d. Larqe scale plasmid DNA isolation 

Some 100 ml overnight growth of bacteria were prepared by 

selecting a small colony from a plate containing plasmid grown 

in medium with appropriate antibiotics and incubated overnight 

at 37°C with shaking (225 rpm). 

The overnight growth of bacteria was diluted into one liter 

·of LB· broth and grown at 37°C with shaking to an O.D. at 600 

nm of 0.6. The capacity of the flask should be five times the 

volume of liquid to ensure aeration. 150 mg of chloramphenicol 

(final concentration of 150 ~g/ml) was added and the'culture 

was incubated with shaking at 37°C for 16 hours. 

The bacteria were collected by centrifugation at 9,000 rpm 

for 10 minutes at 4° c; the pellets were drained and re

suspended in a total volume of 36 ml of 50 mM glucose-2·5 mM 

Tri·Cl-10 mM EDTA [pH 8. 0] (solution I). 

To the suspension, 4 ml of a 40 mg/ml solution of lysozyme 

(in the glucose buffer indicated above) were added and the 

mixture was incubated at room temperature for 10 more minutes. 

80 ml of solution II (0.2 M NaOH-1% SDS) were added and the 

mixture was swirled gently. The suspension turned clear. 

Next, 40 ml of solution III were added and mixed well. A 

white precipitate was formed. The solution was centrifuged at 

8, 000 rpm for 5 minutes at 4° c. and the supernatant was 

filtered through 4 to 5 layers of sterile gauze. 0.6 volume of 

propan-2-ol was added to the filtrate and mixed thoroughly. 
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The precipitate was collected by centrifugation at 10,000 rpm 

for 10 minutes at 4°C. 

The pellets were washed with 70% ethanol containing 200 mM 

Tris·Cl (pH 8. 0) , recentrifuged and drained. The pellets were 

resuspended in a total volume .of 30 ml of 10 mM Tris·Cl (pH 

7.5)-0.5 mM EDTA. 30 g of cesium chloride were added for every 

30 ml of DNA solution to bring the refractive index to 1.390. 

To each gradient, 10 mg ethidium bromide dissolved in 1ml 

dimethyl sulfoxide were added. 

The gradient was placed into a Beckman Quick-Seal centrifuge 

tube and centrifuged at 40,000 rpm for 24-48 hours at 15°C on 

a Beckman VTi so rotor. 

The gradients generally contain three bands: the lowest band 

does not adsorb ethidium bromide; both of the upper two bands 

adsorb ethidium bromide but on many gradients the less dense 

band of the two, which corresponds to chromosomal DNA can be 

barely seen. If the preparation is satisfactory, the upper 

band will be multimers of the· plasmid and there will be 

essentially no chromos.omal DNA. The plasmid band· was collected 

by puncturing the tube with an 18 gauge hypodermic needle. 

The ethidium bromide was removed by isopropanol extraction. 

The isopropanol solution w~s saturated with 10mM Tris·Cl (pH 

7. 4) -o. SmM EDTA and cesium chloride. The plasmid DNA was 

dialyzed against 10~1 Tris·Cl (pH 7.4)-0.SmM EDTA with several 

changes. 
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The O.D. of an 1:100 dilution (in TE buffer [pH 7.4]) of the 

solution was measured at 260 nm, and the concentration of the 

plasmid DNA (1 O.D. 260= 50 mg of plasmid DNA/ml) calculated. 

The DNA was stored in aliquots at -20°C. 

e. ~a-Globin qene subcloninq 

A 12.6 kb Bgl II fragment containing ~r1, ~a2, ~a1 and a2-

globin genes was isolated from a normal human genomic DNA 

library, which was established in this laboratory [Gu et al, 

1988]. The 12.6 kb Bgl II a-globin gene·specific fragment was 

retrieved from A-bacteriophage DNA by restriction enzyme Sal 

I digestion (see Section "Bacteriophage DNA isolation"). The 

Bgl II fragment was isolated by 1% low melting point agarose 

electrophoresis and digested with Sph I to obtain 4.4 ~a1-Sph 

!-specific fragment containing entire ~ai gene and a portion 

of ~a2 gene. This 4.4 kb Sph !-fragment was isolated by 1% 

agarose gel electrophoresis and the Gene-Clean method (see 

corresponding sections). Vector. pUC-19 DNA was also digested 

.with Sph I, dephosphorylated, and ligated to the 4.4 kb Sph I 

fragment by T4-ligase (see section "Ligation"). This recombi

nant DNA was transformed into E.Coli DH 5a competent cells. 

Plasmid DNA was isolated and purified by cesium chloride 

equilibrium ultracentrifugation. The plasmid DNA {p~a1) was 

double-digested with Ace I and Hpa I to obtain 1.1 kb ~a1 

probe, which was isolated by 1% LMP agarose electrophoresis 

and the Gene-Clean method. This ~a1 probe was utilized· to 

study some special deletional a-thalassemia-1 cases. 
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PSEUDO-ALPHA GLOBIN GENE SUBCLONING STRATEGY 

Sph1 Sph1 • • ~2 '11~1 '!la2 111a1 a2 al 91 

-II - r:;;;J r:;;I r;;;;;t - - -~------~--------_.~._~----~--~~~----~------~If--

~ 
12.6kb 

• t ~ 
Bgl2 ~ Bgl2 

Acc1 Hpa1 

I 
Sph1 Sph1 

Ampr 

TRANSFORM E COLI DH5· o. 

Figure [M-~0]: ~a-Globin gene subcloning strategy. 
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The 4.4 kb Sph I DNA fragment was verified by Southern blot 

hybridization. The 12.6 kb Bgl II fragment was subjected to 

Sph I digestion. Three" fragments (5.2 kb, 4.4 kb and 3.0 kb, 

respectively) were seen on 1% .agarose electrophoresis. After 

Southern transfer, the nitrocellulose membrane was hybridized 

with pRBa1~probe and t-probe, separately. The only negative 

band was the 4.4 kb DNA fragment. There are only two restric

tion sites for Sph I, which are located on either side of ~a1 

gene, in this particular Bgl II fragment. This procedure 

ascertained that the 4. 4 kb Sph I fragment contained ~a1 gene. 

f. Bacteriophaqe-A qrowth, purification, and DNA extraction 

50 ml of sterile rich medium NZCYM supplemented with 0.2% 

maltose was placed in a sterile 250 ml flask and inoculated 

with a single bacterial colony (P2392). The culture was grown 

overnight at 37°C with moderate agitation (250 cycles/minute) 

in a rotary shaker. The cells were centrifuged at 4,000 g for 

10 minutes at room temperature. The supernatant was discarded 

and the cells were resuspended by vortexing in 20 ml of 0.01 

M MgS04. The cell suspension was stored at 4°C. The suspension 

may be used for up to 3 weeks; however, the highest plating 

efficiencies were obtained with freshly prepared cells 

[Maniatis et al, 1982]. 

Tenfold serial dilutions of bacteriophage stocks were pre

pared in SM buffer. The composition of this buffer was as 

follows: 
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NaCl 5.8 g 

MgS04·7H20 2.0 g 

1M Tris·cl (pH 7.5) 50 ml 

2% Gelatin Solution 5 ml 

H20 up to 1,000 ml 

The solution was sterilized by autoclaving for 20 minutes. 

One tenth ml of each dilution was pipetted into sterile tubes 

and 0.1 ml of plating bacteria was added to each tube. After 

mixing by shaking the tubes were incubated for 20 minutes at 

37°C to allow the bacteriophage particles to adsorb to the 

bacteria. Three ml of melted (50°C) agarose (0.7%) was added 

to the first tube, and after vortexing, the content was 

immediately poured into the center of a labeled plate con

taining 30 to 35 ml of hardened 1.5% bottom agar medium 

(NZCYM). 

NZCYM medium was prepared as follows: 

NZ amine 

NaCl 

Bacto-Yeast Extract 

Casamino acids 

MgS04·7H20 

H20 up to 

10.0 g· 

5.0 g 

5.0 g 

1.0 g 

2.0 g 

1,000 ml 

After the solutes were dissolved, the pH was adjusted to 7.0 

with 5N NaOH and the volume, to one liter with deionized 

water. The final solution was sterilized by autoclaving .. 
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Care was taken not to cause air bubbles and ensure an even 

distribution of bacteria in the top agarose. This procedure 

was repeated with the second and subsequent tubes on fresh 

plates. 

The plates were closed and left for 5 minutes at room tem

perature to allow the top agarose to harden. The plates were 

inverted and incubated at 37°C. Plaques begin to appear after 

about eight hours for up to 16 hours and should be counted or 

picked after 12 to 16 hours. 

One ml of SM buffer was placed in a test tube and 1 drop of 

chloroform was added. A micropipette was stabbed through the 

chosen well-separated plaque into the hard agar beneath; a 

mild suction was applied so that the plaque, together with the 

underlying agar, was drawn into the pipette. The fragments of 

agar were placed in the SM/chloroform mixture and were left at 

room temperature for 1 to 2 hours to allow the bacteriophage 

particles to diffuse out of the agar. 

The plate was incubated for 6 to·s hours at 37°C. At the time 

of harvesting, the plaques should touch each other. 

The plate was removed from the incubator, 5 ml of SM was 

added and stored at 4°C for several hours with intermittent 

gentle shaking. The SM was harvested with a Pasteur pipette 

and placed in a test tube. One ml of fresh SM was added to the 

plate and stored for 15 minutes in a tilted position to allow 

all of the fluid to drain into one area. Again, the SM was 

removed and combined with the first harvest. 
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One tenth ml of chloroform was added to the pooled SM, 

vortexed briefly, and centrifuged at 4,000 g for 10 minutes at 

4°C. The supernatant was·recovered and stored at 4°C after 1 

drop of chloroform was added • 

q. Larqe-scale preparation of bacteriophage A 

Ten ml of NZCYM were poured into a 50 ml flask and inoculated 

with a single·colony ~fan appropriate bacterial.host (P2392). 

The bacteria were ·incubated overnight at J7°C with vigorous 

shaking (300 cycles/minute in a rotary shaker). 500 ml of 

NZCYM, prewarmed to 37°C in each of two 2-liter flasks, were 

inoculated with 1ml of the overnight culture per flask, and 

incubated at 37°C with vigorous shaking until the O.D. 600 of the 

culture reached 0.5 (usually 3 to 4 hours). 

Each flask was inoculated with 1010 pfu (plaque forming unit) 

of bacteriophage A, and incubated continuously at 37°C with 

vigorous shaking until lysis occurred (usually 3-5 hours). A 

fully lysed culture contains a considerable amount of bacte

rial debris. To each flask, 10 ml of chloroform were added, 

and the culture was incubated for a further 10 minutes at 37° 

c with shaking. 

h. Purification of bacteriophage A 

The lysed cultures were cooled down to room temperature and 

pancreatic DNAase I and RN~ase were added, each to a final 

concentration of 1 ~g/ml. The culture was incubated for 30 

minutes at room temperature to digest the nucleic acids 

liberated from the lysed bacteria. Solid sodium chloride was 
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added and dissolved by swirling. The mixture was allowed to 

stand for one hour on ice. The addition of NaCl promotes 

dissociation of bacteriophage particles from bacterial debris 

and is required for efficient precipitation of bacteriophage 

particles from.polyethylene glycol. 

The debris was removed by centrifugation at 11,000 g for 10 

minutes at 4°C. The supernatant was pooled in a clean flask. 

Solid polyethylene glycol (PEG 8, 000) was added to a final 

concentration of 10% (W/V) and dissolved by slow stirring on 

a magnetic stirrer at room temperature. The mixture was cooled 

down in ice water for at least 1 hour to allow· the bacterio

phage particles to form a precipitate. The precipitated 

bacteriophage particles were recovered by centrifugation at 

11,000 g for 10 minutes at 4°C. The supernatant was discarded 

and the centrifuge bottle was allowed to stand in a tilted 

position for 5 minutes to drain the remaining fluid from the 

pellet. The bacteriophage pellet was gently resuspended in 16 

ml of SM. The polyethylene glycol and cell debris were removed 

from the bacteriophage suspension by adding an equal volume of 

chloroform and vortexing for 30 seconds. .The organic at.:ld 

aqueous phases were separated by centrifugation at 3, 000 g for 

15 minutes at 4°C. The aqueous phase, which contained the 

bacteriophage particles, was recovered. The volume of the 

aqueous phase was estimated and 0.5 g of solid CsCl per ml of 

bacteriophage suspension was added and dissolved by gently 

mixing. The bacteriophage suspension was carefully laid onto 
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CsCl step gradients that were preformed in Beckman SW 41 

centrifuge tubes. The CsCl gradient consisted of three layers 

of different density: 1. 45 (r) , 1. 5 (r) and 1. 7 (r) • The 

gradient was centrifuged at 22,000 rpm for 2 hours at 4°C in 

a Beckman SW41 rotor. A bluish band of bacteriophage particles 

was visible at the interface between the 1.45 gfml layer and 

the 1.5 gfml layer. 

The bacteriophage particles were collected by puncturing the 

side of the tube. The suspension of bacteriophage particles 

was placed in an ultracentrifuge tube that fits a Beckman Ti 

50 rotor; the tube was filled with CsCl solution (1.5 g/ml in 

S~) and cent~ifuged at 38,000 rpm for 24 hours at 4°C. The 

band of bacteriophage particles was collected. 

i. Extraction of bacteriophaqe A DNA 

CsCl was removed from the purified bacteriophage preparation 

by dialysis at room temperature against an 1000-fold volume of 

the following buffer with several changes: 10 mM NaCl-50 mM 

Tris·Cl (pH 8. 0) -10 mM MgC12 • 

The bacteriophage suspension was transferred into a centri

f~ge tube. A 0.5 M EDTA stock solution (pH 8.0) was added to 

a final concentration of 20 mM, · proteinase K, to a final 

concentration of 50 JJ.g/ml, and 10% .SDS solution, to a final 

concentration of 0.5%. The tube was inverted several times to 

mix. The mixture was incubated for one hour at 56°C. The 

digest was extracted with phenol once, phenol and chloroform 

50:50 mixture once, and chloroform once. The phases were 
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separated by centrifugation at 3,000 g for 5 minutes at room 

temperature. 

The bacteriophage DNA solution was dialyzed overnight at 4°C 

against three changes of an 1,000-fold volume of TE buffer (pH 

S.O)e After dialysis the phage DNA was ready for restriction 

enzyme digestion. 

j. Ligation of insert DNA fragment to vector DNA 

The foreign DNA (the insert of the Bgl II 12.6 kb a-specific 

fragment) was digested with Sphi (Bethesda Research Labo

ratories. Life Technolegies Inc.) as specified by the manu

facturers. 

DNA Fragment 

lOX Reaction Buffer #6 

Sph I 

H20 up to 

20 J.J.g 

5.0 J.J.l 

6.0 u 

50 J.J.l 

and incubated at 37°C for 3 to 5 hburs. 

The amount of foreign DNA digested should be sufficient to 

yield approximately o. 2 J.J.g of the targeted fragment. A 

mini-gel was run to check the digestion. 

For preparation of vector DNA, some 20 J.J.g of the vector pUC-

19 DNA was digested in a separate tube with the same enzyme 

Sph I. A mini-gel was run to make sure that the digestion was 

complete. Dephosphorylation of vector DNA was carried out in 

the following buffer: 

ZnC12 

Tris·cl (pH s. 3) 

lmM 

10 mM 
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0.5 uf~g vector DNA of calf intestinal alkaline phosphatase 

(CIP) was added and incubated for 30 minutes at 37°C. 

The desired fragments were separated by electrophoresis on a 

mini-gel. The gel was cast with low-melting point agarose (SEA 

PLAQUE. FMC.Bio-Products). It was poured and ru~ in 1X TEA. 

electrophoresis buffer. The :mi_nigel was stained with ethidium 

bromide and examined by long wavelength ultraviolet illumina

tione From the relative fluorescent intensities of the desired 

bands, the amounts of DNA, that they contain, were estimated. 

The desired bands were cut out using a razor blade in the 

smallest possible volume of agarose (usually 40 to 50 ~1) . The 

excised slices were placed in separate labeled microcentrifuge 

tubes. The tubes were heated to 70°C for 10 to 15 minutes in 

a heat block to melt the agarose. 

The aliquots of the melted gel slices were combined and 

prewarmed to 37°C. The final volume of the combined aliquots 

was 10 ~1 or less, and the molar ratio of foreign DNA: plasmid 

vector DNA was approximately 2: 1. In separate tubes two 

additional ligations were set up as controls, one containing 

the plasmid vector alone and the other containing only the 

fragment of foreign DNA. The three tubes were incubated for 5 

to 10 minutes at 37°C and 10 ~1 of ice-cold 2X T4 DNA ligase 

mixture was added to each tube. The contents of the tubes were 

mixed well before the agarose hardened. The reactions were 

incubated for 12 to 16 hours at 16°C (in the lower chamber of 

a refrigerator.) 
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2X T4 DNA ligase mixture was prepared as follows: 

1 M Tris·Cl (pH 7.5) 1.0 #].l 

100 mM MgC12 1.0 #].l 

200 mM Dithiothreitol 1.0 #].l 

10 mM ATP 1.0 #].l 

T4 Ligase (IBI, 3 Weiss U/#J.l) 1 Weiss u 

H20 5.5 #].l 

The components were mixed in a tube stored in an ice bath. 

At the end of the ligation reaction, three tubes containing 

200 #J.l of frozen competent E. Coli were removed from storage 

at -70°C. The cells were thawed in an ice bath. 

The agarose in the ligation mixture was remelted by heating 

to 70°C for 10 to 15 minutes in a heat block. 

Five #J.l of one of the ligation mixtures was, immediately, 

added to 200 #J.l of competent E. Coli. The contents of the tube 

were quickly mixed by gentle shaking. This procedure was 

repeated with the 5 #J.l ligation mixture taken from each of the 

remaining control tubes. The transformation mixture was stored 

on ice for 30 minutes and the remainder of the transformation 

protocol was followed (see section "Transformation"). 

E. Methodology to Identify Non-Deletional a-Thalassemia 

I. Amplification of the entire a2- and al-qlobin qenes and 

dot-blot hybridization to detect non-deletional a-thalas

semia 

The DNA sequences of the a1 globin gene and the a2 globin 

genes are almost identical except in intervening sequence II 
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(intron II) and 3 1 untranslated region. Two sets of amplifica

tion primers were designed: common forward primer (#272) and 

two discriminative reverse primers for the a2 globin (#273) 

and the al globin gene (#271), respectively. The DNA sequences 

and the locations are shown in Figure (M-11] and Table [M-1]. 

The common forward primer, #272, is located 200 nt 5' to the 

cap site, the discriminative reverse primer, #271, (for al 

only) and primer #273 (for a2 only) are located approximately 

150 nt 3' to the termination codon TAA. Each amplification 

mixture in an 1.5 ml Eppendorf tube contained the following in 

a total volume of 100 ~1: 

Genomic DNA 

Forward and Reverse Primers 

Dimethyl sulfoxide (DMSO) 

dNTP (dATP, dCTP', dGTP, dTTP) 

lOX PCR Reaction Buffer 

0.25 ~g 

100 pmol (each) 

10 ~1 

240 ~M (each) 

10 ~1 



PROBES & PRIMERS IN THE VICINITY OF ALPHA-GENE CLUSTER 

· cap EXONI EXON2. EXON3 poly/\ add , 
~A~ CCGCCC CAAT TATA I IVSI IV52 AATAAA I // 3 
// ~ ATG ~ TAl\ ~ // 

•465 •513 ~ ., 120 • 263 II.!J.7al •27lnl 
~ •466 ~ 

•272 •494 •15'i •3J6 •1J67 ~ ~ •J25al ~ 
~·446 -~ ~ ~ flS CS ..._ •259 
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Figure [H-~~]: Probes and Primers in the Vicinity of a.-Gene Cluster. The hatched boxes 
represent the relative position of the exons in both a.2- and a.l-globin genes; "IVS" 
represents the intervening sequences. The upstream elements are indicated by "CCGCCC", "CAAT" 
and "TATA".. The CAP site, initiation codon (ATG), termination codon (TAA), the consensus 
polyadenylation signal (AATAAA) and poly(A) addition site (poly A add) are also shown. Arrows 
with different numbers show the locations and directions of the probes and the. primers. The 
a.2- and a.l-specific primers are indicated following the numbers. QS= Hb Quong Sze; CS= Hb 
Constant Spring. The Arrows with numbers only indicate those common primers for both a.2- and 
a.l-globin genes. 
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The lOX PCR Reaction Buffer consisted of the following: 

Tris·cl (pH 8.8) 670 mM 

MgC12 40 mM 

(NH4 ) 2S04 166 mM 

~-Mercaptoethanol 100 mM 

BSA (DNAase free) 1.70 mg/ml 

The thermal cycler was programmed as follows: 

1. Denaturation 

2. Annealing 

3. Extension 

1 minute 

1 minute 

1 minute and 30 seconds 

This was carried out in an automated thermal cycler (Perkin 

Elmer, Cetus)e For dot-blot hybridization the double-stran

ded-PCR (ds-PCR) was usually amplified in 35 cycles. For the 

first cycle the denaturation was conducted at 99°C for 6 minu

tes without Taq DNA polymerase (Ampli Taq DNA polymerase. 

Perkin Elmer Cetus). When the temperature (on the block in 

thermal cycler) was cooled down to 65°C, 2.5 units of Taq-DNA 

polymerase was added and 3 drops of mineral oil is placed on 

top to prevent evaporation. Then PCR (Polymerase Chain 

Reaction) proceeded according to the above program [Diaz-

chico, 1988]. 

a. Dot-blot hybridization 

Forty JJ.l of each of the amplified sample was applied in 

duplicate to a Zeta-probe nylon membrane using a Bio-Dot 

apparatus (both from Bio-Rad) . Before application, the ds-PCR 
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product was denatured in denaturation solution (0.4 M NaOH-25 

mM EDTA) at room temperature for about 1 hour. 

lOX Denaturation Solution 

(4 M NaOH-0.25 M EDTA) 

ds-PCR DNA 

40 J,Ll 

40 J,Ll 

320 J,Ll 

400 J,Ll 

Two hundred J,Ll of the denatured DNA mixture was applied to 

each membrane which was to be hybridized with the wild type 

probe and the mutant probe, respectively. The dot-blotting was 

facilitated by continuous vacuum aspiration for 30.minutes. 

The nylon membrane was baked in a 70°C oven for 3 hours to 

fix the DNA onto the membrane. 

The oligonucleotide probes (each 19 nt long) were synthesized 

by solid-phase oligonucleotide synthesis method, using a DNA 

synthesizer, Model 380B (Applied Biosystem Inc.) ; the mutation 

point was near the center of the probe. The oligonucleotide 

probes were labeled at the 5 1 -end with -y-32P ATP (7, ooo 

Ci/mmol) (see 5 1 -end labeling section). 

The 6 X 9 em nylon membrane was prehybridized in a solution 

of 5X SSPE-5X Denhardt's solution-0.5% SDS for 30 minutes at 

the hybridization temperature .. (5X SSPE solution contains 43.5 

g NaCl, 6. 9 g NaH2P04·2H20 and 1. 85 g EDTA·Na2 ; the pH of this 

solution was adjusted to 7.4 with NaOH, and next 1.0 g Ficoll, 

1.0 g polyvinylpyrrolidone, 1.0 g bovine serum albumin and 5.0 

g SDS were added, the final volume was adjusted to 1 liter). 
J 
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Probe was then added in a total volume of 8 ml prehybridiza

tion solution (30-lOOX 106 cpmjbag) and hybridization was 

conducted at Tm-3 to Tm+3 °C for one hour (Tm= 4X [G+C]+2X 

[A+T]). The membrane was rinsed twice with 2X SSPE containing 

o .1% sos at room temperature. Next, the membrane was washed in 

a tetramethylammonium chloride washing solution at 42°C for 20 

minutes and the differences between A-T and G-c bonding were 

negated. 

The washing solution consisted of 3. o M Me4NC1; 50 mM Tris·Cl 

(pH 8. o) ; 2 mM EDTA and o. i% SDS.. The final washing was 

carried out in the Me4NC1 washing solution for 40 minutes at 

54°C. 

b. 5 1 -End labelinq of oliqonucleotide usinq 'cloned T4-poly 

nucleotide kinase 

Five ~1 of lOX T4-polynucleotide kinase buffer was added to 

a tube containing 50 pmol of oligonucleotide ·to be labeled. 



Table [H-~]: The common forward primer and the discriminative reverse primers 

Primer Gene Relative location to cap Sequence 

#271 a1 +867 to +843 5 1 -GCC CAT GCT GGC ACG TTT CTG.AGG-3 1 

#273 a2 +861 to +837 5 1 -CCA TTG TTG GCA CAT TCC GGG ACA-3 1 

#272 a1 & a2 -206 to -182 5 1 -CGG GTG GAG GGT GGA GAC GTC CTG-3 1 

OJ 
c.rt 



Table {H-2}: Oligomer Probes Used to Detect Non-deletional a-Thalassemia 

Probe Classification Sequence 

N #494 Initiation Codon (Normal) 5 1 -AGA GAA CCC ACC ATG GTG C-3 1 

M #567 Initiation Codon (Mutant) 5 1 -GAA CCC ACC ACG GTG CTG T-3 1 

M #568 Initiation Codon (Mutant) 5 1 -AAC CCA CCG TGG TGC TGT C-3 1 

N #496 Splice Junction 5 1 -GCC CTG GAG AGG TGA GGC T-3 1 

M #599 at a2 IVS I Donor Site 5 1 -TGG AGA GGC TCC CTC CCC T-3 1 

N #494 -2,-3 Deletion 5 1 -AGA GAA CCC ACC ATG GTG C-3 1 

M #495 on -a3.7rr 5 1 -AGA GAA CCC CAT GGT GCT G-3 1 

N #496 a2 30/31 Reading 5 1 -GCC CTG GAG AGG TGA GGC T-3 1 

M #497 Frameshift 5 1 -GGC CCT GGA GGT GAG GCT C-3 1 

N #498 a 2 116-UOA 5 1 -CTC CCC GCC GAG TTC ACC C-3 1 

M #499 Nonsense 5 1 -CTC CCC GCC TAG TTC ACC C-3 1 

N #294 Poly A signal 5 1 -CAC TCA GAC TTT ATT CAA A-3 1 

M1 #296 5 1 -TTT GAA TAA GGT CTG AGT G-3 1 

M2 #615 5 1 -TTT GAA TGA AGT CTG AGT G-3 1 

N #128 Hb Quang Sze 5 1 -CGC CTC CCT GGA CAA GTT C-3 1 

M #1?7 a 2 125 leu-pro 5 1 -CGC CTC CCC GGA CAA GTT C-3 1 

N #263 Normal Termination Codon (a2) 5 1 -AAA TAC CGT TAA GCT GGA G-3 1 

M #264 Hb Constant spring 5 1 -AAA TAC CGT CAA GCT GGA G-3 1 

M #300 Hb Icaria 5 1 -CAA ATA CCG TAA AGC TGG AG-3 1 

M #54:8 Hb Koya Dora 5 1 -AAA TAC CGT TCA GCT GGA. G-3 1 

Oo 
0';) 
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The kinase buffer consisted of the following: 0. 5 M Tis·Cl 

(pH7.6)-100 mM MgC12-100 mM ~-Mercaptoethanol. About 1 ~1 of 

1'32P-ATP (Adenosine-5 '-Triphosphate ['Y-32P], specific activity: 

7,000 Ci/mmol, concentration: 160 mCi/ml, ICN Biomedicals. 

Inc., Radiochemicals Division) was added to the reaction tube. 

The number of . pmol of ,-32P should be at least 2 times the 

number of pmol of 5'-ends. For labeling 10 pmols of oligonu

cleotide, 20 pmoles of ,-32P-ATP at 6, 000 Ci/mmol were used. 

The contents were mixed well and centrifuged briefly. The 

final volume was made up to 50 ~1 with deionized water. 

USB cloned T4 polynucleotide kinase (United states Biochemi

cal Corporation) was diluted tenfold using 50 mM Tris·cl (pH 

8.0) as diluent. This gave a final concentration of 3 u/~1. 

This dilution must be made prior to adding enzyme to· the 

reaction. Adding concentrated enzyme could r.esult in lower 

levels of incorporation. Three to 6 u (1 to 2 ~1 of diluted 

enzyme) of T4 polynucleotide kinase was added to the reaction 

tube and the tube was incubated at 37°C in a water bath for 1 

hour (Berkner et al, 1977]. The reaction was terminated by 

heating at 65° C for 5 minutes and followed by the separation 

of 5 '-end labeled oligonucleotide from precursor ATP by column 

chromatography according to the following method. 

c. Chromatography for isolation of 5 • -end labeled oligonucle

otide from free ,-32P-ATP 

NEN-Sorb-20 nucleic acid purification cartridge (Du Pont NEN 

Research Products. Biotechnology Systems Division) was used to 
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separate 5'-end labeled oligonucleotide from unincorporated 

radioactive nucleotides. 

Reagent A (O.lM Tris·Cl-lOmM Triethylamine [TEA]-lmM disodium 

EDTA, pH 7.7) was prepared according to the following proto

col: 

First, a stock buffer of 0 .1M_ Tris·Cl-lmM disodium EDTA (pH 

7.7) was made. Some 14 ~1 of-reagent grade TEA was added to 10 

ml of stock buffer. The pH is ad)usted to 7. 7 with 2N HCl. 

This buffer was stored at 4°C and stable for at least 1 month. 

Reagent B was. 50% methanol. 

Preequilibration: The-cartridge was rinsed with2 ml of 100% 

methanol (HPLC grade). This will wash any loose packing back 

onto the column bed. A methanol rinse was essential to prewet 

the sorbent. For best results, the flow rate should not exceed 

1 drop per 2 seconds. Excessive force should be avoided. The 

column was washed with 2 ml of Reagent A using 3 ml disposable 

syringe. This step primed the column and prepared it for the 

sample loading. 

Sample loading: 400 ~1 of Reagent A was added to the radio

actively labeled sample; the diluted labeling mixture was 

directly loaded on top of the column bed with a micropipette. 

All of the sample was added at one time. When a sample is 

loaded on the cartridge, all of the labeled oligonucleotide 

with high molecular weight binds tightly, while free 'Y-32P-ATP 

with low molecular weight flows through the column. 
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Sample washing: The column was gently washed with Reagent A 

(about 2 ml) using a syringe to remove unincorporated radio

active nucleotides. 

Nucleic acid elution: The 5'-end labeled oligonucleotide was 

eluted from the colu~n bed with Reagent B and the effluent was 

collected in an Eppendorf tube. 

For each reagent and sample application step, the solvent was 

pushed through the resin bed until the meniscus reached the 

top of the bed and then pressure was released from the car

tridge and the next step followed. 

It is not necessary to dry the probe after NEN-SORB purifi

cation. The small amount of methanol will not be enough to 

significantly affect the hybridization conditions. 

IX. a-Globin gene sequencing 

a. TWo-staqe polymerase chain reaction 

The polymerase chain reaction (PCR) . was utilized in the 

production of single-stranded DNA (ss-DNA) templates for 

sequencing (Dode et al, 1989; Allard et al, 199lf. Although 

theoretically possible, inconsi$tency associated with the 

production of ss-DNA have made it difficult to ~reduce 

suitable template for direct sequencing. 

Double-stranded DNA (ds-DNA) was amplified using unbalanced 

primer ratio, 50 pmoles: 5 pmoles for the excess primer and 

the limiting primer in 25 cycles: 



Denaturation 

Annealing 

Extension 

1 minute 

1 minute 

1 minute and 30 second 
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This was carried out in an automated ther~al cycler from 

Perkin Elmer Cetus. The components of the amplification 

mixture (1X ~CR Buffer) were. as follows: 

Tris·Cl (pH 8. 8) 

MgC12 

(NH4 ) 2so4 

P-Mercaptoethanol 

BSA ·(DNAase-free) 

DMSO 

dNTPs 

67 

6.7 

16.6 

10 

170 

10% 

240 

mM 

mM 

mM 

mM 

~gfml 

~M (each) 

The reaction mixture was prepared in the form of lox· PCR 

buffer (except 10% DMSO and dNTPs) and stored in a freezer (at 

-20°C). The dNTP mixture was stored in _a deep freezer (at -70° 

C) • 

Genomic DNA (0.25 to 0.5 ~g) was amplified in 100 ~1 lX PCR 

reaction buffer (containing 2.5 units of Taq DNA polymerase). 

An aliquot (5 ~1) of the ·ds-DNA amplification product was 

electrophoresed on a 0.8% agarose (BRL, ultrapure) minigel, in 

lX TEA buffer, stained with ethidium bromide. It was visual

ized under Uv to determine if·amplification had been success

fully completed. The size of the ds-DNA-PCR product should be 

as expected, but there could be several bands moving faster or 

slower (which might be single stranded product due to the 



91 

usage of the unbalanced primers). However, it is important 

that the specific fragment is visualized. 

The remaining ds-DNA PCR product was purified in a Cen

tricon-30 microconcentrator (Amicon). It was then washed with 

2 ml deionized water by centrifugation at s,ooo rpm (3,000 g) 

for 30 minutes in a Sorvall RC-5 high speed centrifuge with an 

SS-34 fixed angle rotor, at room temperature. The procedure 

was repeated one more time and approximately 40 ~1 of purified 

product was recovered in the retentate cup by inversion of the 

Centricon-30 tube and centrifugation at 750 rpm (67 g) for 2 

minutes. Centricon-10 could also be used for this purification 

step. 

For ss-DNA amplification, 2 ~1 of the purified ds-DNA was 

used as the template in an 10"0 ~1 reaction mixture ·(the 

component of the reaction mixture was the same as that for 

ds-DNA PCR) containing 50 pmoles of the excess primer only and 

no limiting primer. The.amount of template and the number of 

amplification cycles may need to be modified slightly for a 

particular pair of primers. After the ss-DNA amplification, 

the ss-DNA product was visualized under uv, then purified in 

Centricon-30 units as described for ds-DNA. For this step, it 

is cost effective to use the same Centricon-30 tube that was 

used for the ds-DNA template purification. 

The purified ss-DNA .template (7 ~1) and sequencing primer (5 

pmoles to 30 pmoles) were used for dideoxy chain termination 

sequencing. 
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h. Dideoxy chain termination DNA sequencinq with sequenase 

version 2.0 

Sequenase Version 2.0 is a genetic variant of bacteriophage 

T7 DNA polymerase created by in vitro genetic manipulation. 

The genetic modifications of sequenase version _ 2. 0 remove 

completely the 3 1 to 5 1 exonuclease activity of native, wild 

type T7 DNA polymerase. The unique properties of sequenase 

version 2. o (high processivity, -no 3' to 5' exonuclease 

activity, and the efficient use of nucleotide analog.s impor

tant for sequencing) produce radioactive bands of more uniform 

intensity and less background radioactivity than those 

obtained using either Klenow fragment of E. Coli DNA polymer

ase I or AMV reverse transcriptase [Sanger et al, 1977; Tabor 

et al, 1989]. 

Purified template DNA was annealed to a synthetic oligonu

cleotide primer. All of the sequencing primers used for 

a-globin gene sequencing and their relative positions are 

listed in Figure [M-11]. The DNA sequencing was carried out in 

two steps: first was the labeling step and second, the chain 

termination step using dideoxynucleotides. In the first step, 

the primer was extended using limiting concentrations of the 

deoxynucleoside triphosphates, includ~ng radioactive labeled 

a-35S dATP. (deoxyadenosine 5' [a-thio] triphosphate, specific 

activity 1325 Ci/mmol, concentration 12.5 .mCi/ml, from Du 

Pont). Nucleotide labeled with 35s has the advantages of high 

resolution and operator safety. This step continued to 
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complete incorporation of labeled nucleotide into DNA chains 

which were distributed randomly in length from several nucle

otides to hundreds of nucleotides. In the second step, the 

concentration of all the deoxynucleoside triphosphates was 

increased and a dideoxynucleoside triphosphate was added. 

Processive DNA synthesis occurred until all growing chains 

were terminated by a dideoxynucleotide. During this· step, the 

chains were ~xtended on the average only several -dozen nucle

otides. The reaction was terminated by the addition of EDTA 

and formamide, denatured by heating at 93° c and run on 

electrophoresis gels. 

The G, c contents in DNA sequences of the a-globin gene 

cluster are greater than 60%. Some dyad symmetries containing 

dG and dC residues are not fully denatured during electropho

resis. When this occurs, the regular pattern of migration of 

DNA fragments is interrupted. Bands are spaced closer than 

normal (compressed together) or sometimes farther apart than 

normal. When this occurs, sequence information is obscured. 

The substitution of a nucleotide analog (diTP) for dGTP, which 

forms weaker secondary structure was successful in eliminating 

these gel artifacts. When diTP was used, bands were somewhat 

sharper and all compressions were eliminated. Pyrophosphatase 

was routinely used to eliminate band weakening. 

All sequencing reactions were run in 1.5 ml Eppendorf tubes. 

They were always kept capped to minimize evaporation of the 

small volumes employed. Additions were made with disposable 
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tip micropipettes and care was taken not to contaminate stock 

solutions. The solutions were thoroughly mixed after each 

addition, typically by "pumping" the solution two or three 

times with the micropipette, avoiding the formation of air 

bubbles~ At any stage, where the possibility existed for some 

solution to cling to the walls of the tube, it was centri

fuged. 

1. Annealinq template and primer 

For each set of four sequencing lanes, a single annealing 

(and subsequent labeling) reaction was used. In a centrifuge 

tube the following was combined: 

Primer (5 to 30 pmol) 1 ~1 

5X Reaction Buffer 

ss-DNA 

2 ~1 

7 ~1 

Total volume was 10 ~1. Theoretically, the stoichiometric 

molar ratio of the template and the primer was 1:1. The capped 

tube was warmed to 65°C for 2 minutes in a heat block, then 

the temperature of tube.was allowed to cool to room tempera

ture over a period of about 30 minutes. This was usually done 

by removing the heat block containing the centrifuge tubes 

from the heater and placing it at room temperature to cool 

slowly. Once the temperature was below 3 0° c, annealing was 

complete. 

2. Labelinq reaction 

The labeling mixture was diluted 5 to 15 fold with distilled 

water depending on the distance from the primer to be se-
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quenced. With increasing distance, less dilution needs to be 

made. The sequenase enzyme was diluted 1:8 in ice cold enzyme 

dilution buffer. Only enough enzyme for immediate use should 

be diluted. 

To the annealed template-primer mixture the following was 

added (on ice): 

Template-Primer (above) 

DTT (0.1M) 

Diluted Labeling Mix 

a-35S dATP 

Diluted Sequenase Version. 2.0 

The mixture was mixed thoroughly 

10.0 

1.0 

2.0 

0.5 

2.0 

(avoiding 

~1 

~1 

#1 

~1 

~1 

bubbles) 

incubated for· 2 ·to 5 minutes at room .temperature. 

3. Termination reaction 

and 

Four tubes were labeled A, c, G and·T. Two and one half ~1 of 

the ddATP Termination Mixture was placed in the tube labeled 

A. Similarly the c, G and T tubes were filled with 2.5 ~1 of 

the ddCTP, ddGTP and ddTTP Termination Mixtures, respectively. 

The tubes were capped to prevent evaporation and prewarmed at 

37° c at' least 1 minute. When the labeling incubation was 

complete, 3.5 ~1 were removed, transferred to the tube labeled 

A, mixed, centrifuged and retured to 37°C. Similarly 3.5 ~1 of 

the labeling reaction were transferred to the c, G and T 

·tubes, mixed, centrifuged and returned to the 37°C bath. The 

incubations were continued for a total of 3 to 5 minutes. 4 ~1 

of Stop Solution was added to each of the termination reac-
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tions. The contents were mixed thoroughly and stored on ice 

until they were loaded onto the sequencing gel. Samples 

labeled with 355 can be stored at -20° c for one week with 

little degradation. When. the gel was- ready for .lo'ading' the 

samples were heated. to 75° to so0 c for 2 minutes and loaded 

immediately on the gel. 

4. Sequencinq qel 

The following was used for the gel preparation · and high 

voltage electrophoresis: 

One pair of 1/4 11 thick of glass plates: one plate had the 

dimension 33X 38 em and the other, 33X 40 em; 0.4 mm polyca

rbonate spacers cut to fit along sides and bottom of plates; 

large binder (notebook) clips (2 11 wide, spring back) and 0.4 

mm thick shark tooth combs; vertical elect·rophoresis apparatus 

for DNA sequencing (Bethesda Research Laboratories, Life 

Technologies Inc. Model 52) and constant power supply with 

high voltage (LKB-Browma, 2297-Macrodrives) ·• 

The plates must be scrupulously clean. Before use, the glass 

plates were thoroughly washed with a strong detergent such as 

"Microsoap", rinsed extensively with tap water and wip~d well 

with paper toweling, and again rinsed· extensively with 

deionized water. The plates were allowed to air dry and laid 

flat on a bench top. The upper surfaces of both plates were 

rinsed with 95% ethanol. The ethanol should always be wiped in 

the same direction to prevent any streaking on the plates. The 

plates were allowed to air dry until all the ethanol evaporat-
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ed (approximately 5.to 15 minutes). The inner surface of one 

plate was siliconized with Sigmacote (Sigma, Chemical Company) 

in a ventilation hood. 

Spacers were placed at the bottom and on two sides of the 

longer plate· (33X 40). The shorter plate (33X 38 em) with the 

ethanol-wiped surface inside was placed over the larger plate. 

The bottoms and sides of the plates were aligned. Clips were 

attached along the bottom and the sides. The side spacers were 

adjusted so that they were flush against the bottom spacer. 

There should be no space between the side spacers and the 

bottom spacers. The side and the bottom of the plates with the 

spacers were sealed with 0.6% agarose to avoid any possible 

leakage when the acrylamide gel solution was poured. The glass 

plate assembly was placed- at a 45°; the gel solution· was 

poured from the opened edge using a squeeze bottle [Promega 

Protocols and Applications Guide [2nd edition] Promega 

Corporation: Nucleic Acid Sequencing and Mutagenesis. pp 

75-119, 1991]. 

s. Preparation of the qel solution 

Acrylamide/Bisacrylamide 19:1 Mixture (electrophoresis grade) 

is commercially available from International Biotechnologies 

Inc. (IBI) . 352 ml of sterile distilted water was added to the 

contents of the bottle ( 19: 1. gel, 2 00 g) and stirred until the 

crystals were dissolved. The stock gel solution was stored at 

4°C. This 40% stock solution was stable for about 2 months. 



A typical 8% polyacrylamide gel was prepared as follows: 

40% Acrylamide-Bisacrylamide stock 10.5 ml 

lOX TBE (0.89M Tris base, 0.89M boric acid, 

and 20mM EDTA) 10 ml 

Urea (Ultra pure, Enzyme Grade, BRL) 

dd H20 

29.4 g 

25 ml 
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The mixture was put in a beaker and stirred until dissolved; 

urea must be completely dissolved. The solution was filtered 

and degassed (15 minutes) on an 150 ml sterilized filter unit 

(polystyrene, cellulose nitrate [C.N] membrane, NALGENE). The 

gel solution was transferred into a squeeze bottle. 330 ~1 

freshly prepared 10% ammonium persulfate (Electrophoresis 

Grade BRL) and 33 ~1 N, N, N', N'-Tetramethylethylenediamine 

(TEMED. electrophoresis grade, BRL) were added. 10% ammonium 

persulfate should be made fresh weekly in deionized water and 

stored at room temperature. The concentration of this poly

acrylamide gel was approximately 8%. 

Approximately 60 ml of solution was required to fill a 33X 40 

em "sandwich". The extra solution is recommended in case there 

is leakage when pouring the gel. The comb was inserted in the 

gel with the flat edge of the comb against the gel. Additional 

clips were attached on each side and over the top of the gel. 

These clips prevent air bubbles from forming between the combs 

and the glass surface as the gel polymerizes. If the gel 

polymerizes too quickly (i.e., before pouring is complete), 

the amount'of 10% AP used in the gel mix should be decreased. 
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If the gel does not polymerize within 10 to 15 minutes, it can 

not be used because the band resolution will be poor. The gel 

was allowed to polymerize at least 30 minutes before use. Gels 

can be poured and left at room temperature overnight. (A 

plastic wrap was placed over the top to prevent the gel from 

drying out.) 

6. Running and exposure of the qel 

Sufficient lOX TBE buffer was diluted to lX solution to run 

the gel. The clips and bottom spacer were removed from the 

gel, the open area created by.the removal of the bottom spacer 

was filled with lX TBE buffer, using a 10 ml syringe with a 

large gauge needle. All _air bubbles must be carefully removed 

from this area to ensure full contact with the buffer. 

The comb was removed, the wells were filled with lX· TBE 

buffer, and the comb was reinserted with the teeth against the 

edge of the gel. The gel was placed on the electrophoresis 

apparatus so that the smaller plate was firmly placed against 

the metal wall of the apparatus. lX TBE buffer was used to 

flush out urea in the wells. Immediately before loading the 

sequencing gel, the wells were flushed again to remove 

crystallized urea, unpolymerized acrylamide and air bubbles. 

2.5 to 3.0 ~1 of each sequencing reaction was loaded on the 

gel. To maximize the amount of sequence read from one gel, the 

same samples can be loaded into adjacent. wells when the 

bromphenol blue (BPB) from the first load reaches the bottom 

of the gel. The gel was then run until the BPB dye from the 
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second load reached the bottom of the gel. When performing 

multiple loads, the reactions were kept at room temperature 

between loads. The sample was heated to 70° to·90°C for 2 to 

5 minutes before each load to prevent possible reannealling. 

The gel was run at constant power around 75 watts. The voltage 

could vary between 1,500 to 2,0.00 ·volts, dependi.ng on the 

power. 

Gels should be prerunning for 30 .to 60 minutes before loading 

samples. During this time, stop solution can be loaded into 

the wells to verify if any well is leaking. 

The gels were run until the glass plates were hot to the 

touch (about 60°C). The aluminum heat sink at the back of the 

gel sandwich facilitated even distribution of heat across the 

gel. After completion of electrophoresis, the gel was laid on 

the bench top, the side spacers were removed and a flat edged 

spatula was carefully inserted between the edges of the glass 

plates. The plates were slowly separated, the spatula was used 

for leverage. The gel should stick to the bottom plate 

(unsiliconized plate). 

After separating the glass plates as described above, .the gel 

should be carefully transferred to a 10% acetic acid-12% 

methanol solution and soaked for 10 minutes in a 14"X 17" 

developing tray. 

lihile the gel was soaking, two sheets of Whatman 3 MM paper 

were.cut to the same size as the gel. After 10 minutes, the 

acetic acid/methanol solution was aspirated during which· the 
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gel must be firmly placed over the glass p~ate. One sheet of 

Whatman paper cut to the size of the gel was placed over the 

gel so that it was transferred onto the paper. The second 

sheet of Whatman paper was placed over the first. Any air 

bubbles between the paper and the gel were smoothed out. One 

corner of the first sheet of Whatman paper (i.e., the sheet 

touching the gel) was lifted slowly to ensure that the gel was 

adhered to it. If the gel was not sticking well in one corner, 

a different- corner should be tried. Once the corner was 

started, the whole gel could be lifted. The second sheet of 

Whatman paper was removed and the gel placed on the bench tope 

A plastic wrap was tightly stretched over the gel and any air 

bubbles that were between the gel and the plastic wrap were 

smoothed out. The gel was dried on a gel dryer (SLAB DRYER. 

MODEL 483. BIO-RAD) for 45 to 60 minutes at so0 c under vacuum. 

The plastic wrap was removed and film was exposed for a 

minimum 16 hours. Gels containing 35S must be exposed dry in 

direct contact with the film at room temperature. Development 

was done with an automatic Kodak X-Omat M20 processore 
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RESULTS 

More than one hundred patients with Hb H disease from 16 

different countries (China; Southeast Asia: Indonesia, 

Malaysia; Mediterranean Basin: Yugoslavia, Turkey, Tunisia, 

Bulgaria, Spain, Cyprus, Greece and Saudi Arabia; South 

Africa; India; canada; other European countries and American 

Blacks) participated in this study. Gene mapping analysis was 

applied to the DNA samples from the propositus and their 

family members. Genomic DNA was subjected tq digestion with 

three restriction endonucleases: Eco RI; Bam HI and Bgl II, 

and the membranes were hybridized with the a-gene probe and 
' ' . 

the 5-gene probe. Most of the a-thal-2 and a-thal-1 carri~rs 

were identified with this procedure. Several more restriction 

endonucleases and additional genomic probes such as the 01-

probe, 3 'HVR-probe, ·inter 5-probe, ~a1-probe, L1, and LO 

probes were used in some special studies. 

The DNA samples from a group of the patients with intact 

structural a-globin genes were amplified with the polymerase 

chain reaction (PCR) . A common forward primer and discrimina-

tive reverse primers were used to amplify both a2- and a1-

globin genes, and the amplified double-stranded DNA was 

subsequently subjected to the oligomer hybridization with· the 

non-deletional thalassemia allele-s~ecific probes. The probes 

are listed in Table (M-2] in section "Material and Methods". 
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Another group of the patients had unknown·non-deletional a

thal determinants, their DNA samples were subjected to 

asymmetric PCR to obtain single-stranded DNA, which was taken 

as template for dideoxy chain termination DNA sequencing. 

A. Hb H Disease in American Blacks 

a-Thalassemia among American Blacks has been repeatedly 

studied in different laboratories by numerous investigators 

[Dozy et al, 1979; Felice et al, 1984; Steinberg et al, 1986; 

Olivieri et al, 1987; Liebhaber et al, 1987; Safaya et al, 

1988]. During the past thirty years, a population survey of 

abnormal hemoglobins and thalassemias by isoelectrofocusing 

for Georgia newborn babies has been carried out in our Core 

Laboratory. This ongoing program involved at least 300,000 
) 

Black newborns. 

I. Hb Bart's level investiqation in cord blood samples 

Nearly 500 Black newborn samples were selected at random for 

statistical analysis. Among these 492 Black newborn cord blood 

samples, 18 (3.7%) had slightly elevated Hb Bart's lev~ls (1-

2%), defined as "cord blood samples with small Hb Bart's"; 17 

with Hb FA 'and small Hb Bart's; 1 with Hb FAS and small Hb 

Bart 1 s. These samples are considered as a-thal-2 heterozygotes 

(-afaa). Eleven {2.2%) other samples had significant amounts 

of Hb Bart 1 s (2-5%), defined as 11 cord blood samples with large 

Hb Bart's" (10 samples with Hb FA pattern + large Hb Bart's, 
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1 sample with Hb FAC pattern plus large Hb Bart's). These 

babies are considered to be a-thal-2 hom6zygotes. (-a/-a). 
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Table [A-1]: Hemoglobin Pattern of the Selected Cord Blood 

Samples from Black Newborns in Georgia 

Hb Pattern*- Number Percentage 

FA 388 78.86 

FAS 49 9.96 

FAC 15 3.0 

FSS 3 0.61 

FSC 1 0.20 

FS{3 1 0.20 

FAG 3 0 •. 61 

FAX 1 0.20 

FAJ 1 0.20 

FAD 1 0.20 

FA+sm 1'4 17 3.5 

FAS+sm 1'4 1 0.2 

FA+large 1'4 10 2 .. 03 

FAC+large 1'4 1 0.2 

Total 492 100% 

* The capital letters represent the corresponding hemoglobin 

components, · eg. F=Hb F ,_. A=Hb A, S=Hb s, etc. X=unch~rac- _ . 

terized hemoglobin variant. sm 1'4=Hb Bart's (1-2%); 

large 1'4=Hb Bart's (2-5%); {3={3~thalassemia. 
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II. Gene mappinq analysis for preselected cord blood samples 

More than 500 preselected cord blood samples with Hb F and Hb 

A pattern only (thus without Hb Bart's) were analyzed by 

Southern gene mapping. The data, listed in Table [A-1], show 

that nearly 21% of these babies had an a-thal-2 condition (one 

was even an a-thal-2 homozygote); while a-globin gene tripli

cations were also observed [Fei et al, 1989]. 

Table [A-2]: The results of the Preselected Cord Blood Samples 

with Hb FA Pattern only (without Hb Bart's) 

Genotype Number Percentage 

aal-a3.7 105 20.7% 

-a3.7 I -a3.1 1 0.2% 

aaaant.i3·7 I aa 8 1.6% 

aaaanti3.7 I -a3.1 1 0.2% 

aalaa 391 77 •. 3% . 

~ Total 506 100% 

When the data from these two studies are combined, the 

occurrence of an a-thal-2 in the normal Black population is 

estimated as 25.7% for the heterozygosity (-a3·
7faa) and 2.5% 

for the homozygosity ( -a3·7 1 -a3·7 ) , corresponding to a frequency 

of 0.107. 
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III. Gene mapP-inq analysis for some preselected sickle-cell 

anemia patients 

A third survey concerneq the a-globin gene analysis by the 

Southern blotting method of more than 100 blood samples from 

Black pediatric patients with sickle cell anemia (~8/~8 ) who 
..-' 

participated in a stroke detection program. The results, 

listed in Table (A-3], suggest that only slightly more than 

one half had a normal a-globin gene arrangement; the frequency 

of a-thal-2 is calculated at 0.257 which is more than twice 

that found in the normal population. 

The determination of an -a3·7 chromosome is based on the 

presence of a 10 kb Bam HI a-gene specific fragment and a 16 

kb Bgl II a-gene specific fragment, as compared to the normal 

14 kb, 12. 7 kb and 7. 4 kb fragments, respectively. ·The 

determination of an -a4·2 chromosome, based on the presence of 

a 10 kb Bam HI a-gene specific fragment and a 7.4 kb Bgl II a-

gene fragment only (Fig.[A-1]). 
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Table [A-3]: The Genotypes o:f the Preselected·Black Patients 

with Sickle Cell Anemia ({3s;{3s) 

Genotype Number Percentage 

{38 I {38• a. a I aa 56 54.4% 

{38 I {38. a. a. I -a.3.7 41 39.8% 

{3s I {3s. -a3.7 I -a3.7 5 4.9% 

{38 I {38. -a4.2 I -a4.2 1 0.9% 

Total 103 100% 



Table [A-4]: The Sizes (in kb) of the Restriction Fragments 

from Different Chromosomes 

Enzyme aa I -a3•7 I -a4•2 1 aaaanli3·7 1 aaaanli4•
2 1 

Eco RI 23.0 19.0 19.0 27.0 27.0 

Bam HI 14.0 10.0 10.0 18.0 18.0 

Bgl II 12.6; 7.4 16.0 7.4 12.6; 7.4; 3.7 •12.6; 7.4 

•: Double intensity. 
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Figure [A~~4}: Gene mapping data (Bgl II digests hybridized 

with a-probe) for a heterozygote with the -a3·7 deletion (

a3·7ja.a) [#2], for a homozygote (-a.3·7j-a.3·7J [#3] and a normal 

control: aajaa [#1] •. 
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Figure [A-~b]: Gene mapping data (Bam HI digests hybridized 

with a.-probe) for a heterozygote with the -:-a.3·7 deletion (

a.3·7ja.a.) [#2], for a homozygote (-a.3·7j-a.3·7; [#3] and a normal 

control: a.a.ja.a. [#1]. 
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IV. A study of the newly discovered Black a-thalassemia-1 

determinant 

A chromosome with both a-globin genes being deleted (--/) has 

seldom been observed among Blacks. There have been only five 

patients with Hb H disease ever reported from this population; . 

only three were studied in · some detail by gene ~apping, 

analysis [Milner and Huisman,· 1976; .Felice et al, 1984; 

Steinberg et al, 1986; Olivieri et al, 1987; Safaya et al, 

1988]. During the newborn baby screening program in our Core 

Laboratory mentioned above, one riewborn Black baby (Baby G) 

was found to have a Hb Bart's level of 25%. This Black patient 

with Hb H disease (Case #6) will be described here [Fei et al, 

in press, 1991]. 

a. Family study and hematoloqical data 

The large quantity of a fast-moving hemoglobin- (Hb H and Hb 

Bart's) component was detected by the isoelectrofocusing 

method (Figure [A-2]); its quantity was determined at 25.6% 

using cation exchange HPLC [Kutlar et al, 1986]. The isolated 

abnormal Hb was analyzed by reversed phase HPLC [Kutlar et al, 

1986]; it contained ~-chain (A~T 12.5%; 0~ 67.8%; A~ 19.7%) and 

a small quantity oft-chain (1.5%). The red cell lysate was 

analyzed in a similar manner, it contained 14.9% ~, 6.9% A~T, 

33 • 7% G~ 1· 10 • 6% A~ (total ~+(3= 66 .1%.) 1 and 33 • 4% a and 0 • 5% r 
(total a:+r= 33. 9%). These data indicated. a considerable 

deficiency in a-chain production; the presence of the large 
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I 1 ' . 

. 

I 2 

.--- ,, 3 .. -\., 

Bart's A F s c 

Figure [A-2]: ·Isoelectrofocusing of the hemolysate from Baby 

G (#2), showi.ng fast-moving Hb Bart.' s·. band; #~ from a Hb c 

heterozygous newborn; #3 from a Hb s heterozygous newborn. 
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amount of Hb Bart' {26%) and the 0.5% f-chain (or 1.5% f when 

calculated as% of a+ f), being present as Hb Portland-1 or 

f2'y2 , suggested the diagnosis of Hb H disease. 

Hematological data for the baby were available at birth and 

at the age of· 5 months; a moderate anemia with severe microcy

tosis and hypochromia was noted {Table (A-5]). Blood samples 

from the parents were also available; the father had a marked 

microcytosis and hypochromia, ·while the mother had a consider

ably milder condition {Table (A-5]). This Black family lives 

in a rural Georgia community. The father originates from 

Alabama and the mother from Georgia; other relatives were not 

available .. 



115 

Table [A-5]: Hematological Data 

Propositusa propositus Father Mother 

Age newborn 5 months 35 years 27 years 

Hb (g/d1) 13.7 10.4 14 .. 2 14.0 

PCV (1/1) 0.51 0.345 0.44 0.43 

RBC < 1012 I 1) 5.44 6.28 6.39 5.39 

MCV (f1) 96 55 69 81 

MCH (pg) 25.2 16.6 22 •. 2 26.4 

MCHC (g/d1) 26.3 ·30.1 32.3 32.6 

Hb Bart's(%)b 25.6 n.d-. r n.d. n.d. 

a The cord blood sample contained 1.5% r chain (% of a+rJ 

determined by reversed phase HPLC. 

b Determined by cation exchange HPLC. 
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b. DNA analysis 

Some of the data ·obtained in these studies are shown in 

Fig. (A-3] and all results are summarized il'\ Table (A-6]. 

Digests of DNA from the mother and th~ infant- contained 

fragments, detected with the a-probe, that were specific for 

the presence of an .a-thal-2 (-a3·7 ) heter6zygo·s.ity (Eco RI: 19 

kb; Bgl II: 16 k~; Bam HI: 10 kb); absence· of normal Eco RI, 

Bgl II, Bam HI, ·an~ ·Hirid III. fragments· ip the digests of the. 

baby 1 s DNA indicated that bo~h ·a-globin genes were deleted 

from the second chromosome. Hybridization with the t~probe 

identified the 19 kb Eco RI and 16 kb Bgl II fragments from 

the -a3·7 a-thal chromosome. The 2 3 kb Eco RI fragment present 

in the DNA from the baby must originate from the a-thal-1 

chromosome; the location of the normal Eco RI restriction 

sites (Figure (A-3]) suggested that this fragment resulted 

from a deletion of 8.5 kb. 

Characterization of the 5' end of the deletion was with ~a1 

probe; Figure (A-3] shows a photograph of one of the films 

that was obtained for digests of DNA from the father, mother, 

and the propositus. Abnormal in the father and his son were 

the 10.5 kb Bgl II and the 8. 5 kb Bam HI fragments, the 23 kb 

Eco RI fragment in the baby and his father (coinciding with 

the normal 23 kb-Eco RI fragment), and the 12~5 kb Xba I 

fragment in the father [this fragment has ~bout the same size 

as the 12.5 kb fragment in the moth.er that is the result of 

the a-tha-1-2 ( -a3·7 ) deletion] • These data place the 5 1 end of 
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the deletion between a2-globin ge~e and the upstream Sst I 

restriction site. 

Characterization of the 3' end of the deletion was through 

similar experiments but with hybridization of the membranes 

with the 81 . and 3 'HVR probes. Only normal fragments were 

detectable in the DNA digests · of the baby with 81 probe 

suggesting that the 81 gene was part of the a-thal-1 deletion .. 

A photograph of the hybridization experiments with the 3 1 HVR 

probe is shown in Figure (A-3]. The great variation in length 

at the 3' HVR sequence is responsible for the greater intensi

ties of the various fragments in the digests of the father and 

the propositus; this extended 3' HVR sequence apparently is 

part of the a-thal-1 chromosome. The Bgl II, Bam HI and Hind 

III fragments originating from that chromosome are all about 

3.5 kb larger than the corresponding fragments from the normal 

chromosome of the father or the a-thal-2 chromosome of the 

propositus. These results also indicate that the Bgl II, Bam 

HI and Hind III restriction sites 5 1 to the 3 1 HVR sequence 

are intact on the a-thal-1 chromosome. The intensely labeled 

23 kb Eco RI fragments in father and son are about 14.5 kb 

larger than the normal 8.5 fragment and are apparently the 

same as those detected with the 5" and t/Ja1 probes. This 

indicates that the Eco RI restriction site, located between 

the a1- and 81 globin gene~, -is del~ted. The .abnormal 11.5 kb 

Sst I fragment in the DNA of.the father and his· son is 3.5 kb 

smaller than the 15 kb fragment that is normally observed; 
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this obs-ervation places the 5 ' end of the deletion between the 

5' a2 Sst I restriction site and the 5' end of the a2-globin 

gene. The 3' HVR positive fragments in the various digests of 

the DNA from the mother were normal as expected. 

In summary, the data from the hybridization experiments· with 

the r, ~a1, and the 3 1 .HVR probes were most useful in defining 

the approximate size and the location of the new a-thal-1 

deletion (Table [A-6]). The Bam HI, Bgl II, Eco RI, Hind III', 

and Xba I sites 5 1 to the ~a1 gene were intact, as were the 

Bam HI, Bgl II, and Hind III sites-5 1 to the 3' HVR- sequences 

(Figure (A-4]). The extent of the deletion can be estimated at 

8.5 to 9.0 kb from the sizes of the abnormal Bam HI (17-

8.5=8.5 kb), Bgl II (12.6+7.4-10.5=9.5 kb), Eco RI (23+8.5-

23=8.5), Hind III (16.5+3.7+4.5-16.5=8.2 kb, and Xba I 

{16+5o5-12e5=9 kb) fragments, detectable with the ~a1 probec 

Its location shows that the d~letion includes the a2-, a1-, 

and 81-globin genes. A careful review of published reports 

revealed that this deletion has not been reported before 

(Higgs et al, 1989]. 
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Figure [A-3]: Photographs of two films identifying the frag-

ments in different digests with the listed 

probes. See text for details. 
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Table [A-6]: a.-Globin Gene Fragments Identified With 
Various Enzymes and·D:j.fferent Probe sa 

Probe Enzyme Propositus Father Mother Control 

a EcoRI 19 23; 19 23· 

Bglll 16 . 16; 12.6; 7.4 12.6; 7.4 

Bam HI 10 14; 10 14 

Hind.m 16.5; 4.5 16.5; 4.5; 3.7 16.5; 4.5; 3.7 

r. EcoRI ~; 19;5 23; 19; 5 23; 5 

Bglll 16; 12.5; 11.3 16; 12.6; 13Z; 11.3 12.6; 11.5 

Bam HI 11.5"; 10.8; 5.9 11.5"; 10.8; 5.9 10.8; 5.9 

Hind ill 16.5; 14.5 16.5; 14.5 16.5; 13.5 

Y,a1 EcoRI ~; 19 ~ 23; 19 23 

Bglll 16; 10.5 12.6; !Qd 16; 12.6 12.6 

Bam HI 10; 8.5 14; 8.5 14; 10 14 

Hind ill 16.5 16.5 16.5 16.5 

Xbal ~ 16;!U 16; ll.S 16 

81 EcoRI 8.5 8.5; 9.5• 

Bglll 16 7.4 

Hindm 4.5 4.5 

Xbal 5.5 5.5 

Hpal 14.5 14.5; 15.5" 

Pvul 3.0 3.0 

Hincll 8.7 8.7; 9.7 

3'HVR EcoRI ~; 8.5 ~; 8.5 8.5 8.5 

Bglll 9.4·; 5.8 9.4·; 5.8 5.8; 4.<r 5.8 

Bam HI 13.6·; 10 13.6·; 10 10 10 

Hind ill 19.1"; 15.5 19.1·; 15.5 15.5 15.5 

Sstl 15; 11.5 15; 11.5 15 15 

a Numbers underlined indicate abnormal fragments due to the new a-thal-1 
(-8.5 kb ) deletion; those in bold lette~s are the result of the a-thal-
2 (-a3·7 ) deletion; those marked with an asterisk (*) are variations due 
to different sizes of the inter-( HVR ((-probe) or the 3' HVR (3'BVR 
probe) sequences. · 
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B. Hb H Disease in China and southeast Asia 

A rather large group of patients with Hb H disease from China 

(37), Southeast Asia [Indonesia (3), Malaysia· (32)] and some 

immigrants [Chinese, Vietnamese] in Canada (3) and America 

(9), accounted for more than half of the total patients. in 

this study (total 84). 

Ie Gene mapping-analysis for deletional a-thalassemia 

a. a-Thalassemia-1 deletion 

The predominant form of a-thal-1 allele in this area is the -

-8~ type characterized by an 18 kb deletion which involves the 

1/fa2, ,Pal, a2, al and 81-globin genes. In this study, all of 

the patients with Hb H disease from this area carry a chromo

some bearing the --8~ deletionG Hybridization of the endonu

clease restriction digests withlthe r-probe revealed typical 

2 0 kb Bam HI~ ,S-specif ic fragments and 17 • 5 kb- Eco RI-!

specific fragments. Hybridization with the a-probe detected no 

abnormal fragments except the normally existing 23.0 kb Eco 

RI-a-specific, 14.0 kb Bam HI-a-specific and 12.6 and 7.4 kb 

Bgl II a-specific fragments with decreased intensity (Figure 

[B-1]). The 5 1 breakpoint in the --8~ chromosome is just 

beyond the 1/Jr gene, the 3' breakpoint lies within 1 kb 

upstream of the 3 ' HVR (hypervariable region) [Nicholls et al, 

1987]. 

b. a-Thalassemia-2 deletion 

The rightward· deletion of a-thal-2 · ( -a3•7 ) and the leftward 

deletion of a-thal-2 (-a4·2 ).· can be detected with both the a-



....,____.... Bam HI--.. 

7 6 5 4 3 2 1 

20.0 kb-

~ .~--- .. 

....,_ __ EcoRI __ ...,. 

1 6 5· 4 3 2 1 

',_; 

,,'~~·· ··- .. · 
.]-~ ' 

'j,• 

123 

_23.0 kb 
-. 19.0 kb 
.-17.5 kb 

-5.9 kb 

Figure {B-~4]: Gene mapping data (Bam HI and Eco RI digests 

hybridized with t-probe) showing --8~ deletion. #1, #2, #3, 

and #7 are normal control; #5, an a-thal-2 heterozygote; #6 a 

heterozygote for the --8~ deletion; #4, a Hb H disease patient 

with a-' genotype --8~ j-a. Notice the --8~ typical 17.5 kb Eco 

RI- r-specific fragments and 20 kb Bam HI- r-specific fragments . . 
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-5.0 kb I 
/ 

/ 
Figure [B-~b]: Gene mapping data showing __ s~ deletion (Eco RI 

digests hybridized with the t-probe) . #1 and #3 are a-thal-2 

heterozygotes; #2, #6, #B, #9, and #10 are __ s~ heterozygotes; 

#4 is a Hb H patient with a genotype __ s~;-a; #2, #3 and #11 

are heterozygotes with triplicated f'-genes. Notice the typical 

fragments for the __ sEA deletion: 17.5 kb Eco RI-f'-specific: 

fragments; The 11 kb EcoRI-t-specific fragments derived from 

the t-gene triplication. 
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probe and the. r-probe. Hybridization with the a-probe. gives 19 

kb Eco RI, 10 kb Bam HI fragments. for both a thal-2,:but the 

presence of -a3·7 results in a typical 16 kb Bgl II fragment .. 

Hybridization w~~h the r-probe gives· a typical 8.4 kb Bgl II 

fragment for -a4.2 
' 16. 0 kb Bgl II fragment for 

. . 

-a3.7. The· 

available hematological ·data _for the patients with genotype ~-

sEA/-a3·7 or -a4·2 are listed in· Table ._:[B-1] (Some·· _of t_he blood 

samples arrived in Augusta in such .. a. bad condition due to the 

transportation ·that it was impossible to determine the red 

blood cell indices). 
. j 
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Table [B-~]: Hematological and Hb composition Data for. the 

Patients with Genotype __ SEA/ -a3· 7 or 4.2. 

Subjects Sex-Age Origin Genotype Hb PCV RBc MCV MCH ·MCHC A2 HbH 

g/dl Ill 1()12/1 tl pg g/dl % % 

S.B M-34 SEA immigrant _I!BA,-a4.2 6.6 0.284 4.99 57.0 13.2 23.2 1.3 4.8 

in USA 

N.B M-23 SEA immigrant _I!BA,-a4.2 7.9 0.335 5.13 65.0 15.4 23.6 1.3 2.7 

in USA 

N.V F-17 SEA immigrant _I!BA,-a43. 7.7 0.330 ,5.60 59.0 13.8 23.3 0.9 2.4 

in USA 

A-4 M-40 Malaysian _ITBAf-a4.'l. 9.9 0.340 5.80 58.0' 17.1 27.4 1.2 3.7 

N.L F-18 Vietnamese -ITBAt-oe·' 9.7 0.310 4.91 63.0 19.8 31.3 ·- ·-
S.K M-32 Vietnamese _I!BAf-cP 7.5 0.280 3.82 73.0 19.6 26.8 ·- ·-
A-7 M-28 Malaysian _1IBAf-oC·1 9.5 0.330 5.30 61.3 17.8 28.8 1.1 7.8 

A-9 M-63 Malaysian _I!BAf-oC·' 9.9 0.340 5.30 63.7 18.8 29.6 0.9 10.0 

M.D M-5 Indonesian _ITBAf-oC·1 8.1 0.284 4.42 64.3 18.3 28.3 1.5 6.9 

* not available 
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c. A newly discovered -2.7 kb a-thalassemia-2 deletio~ 

During the study of the molecular defects in this large group 

of adult Chinese patients with Hb H disease, a novel 2.7 kb 

deletion involving the a1 globin gene was observed. This small 

deletion causing an a-thal-2 (-a2·7 ) has not been reported 

before, and the gene mapping data are described in detail 

below. 

The propositus, a 17-year-old male, living in Nanning (P.R. 

China) suffers from Hb H disease with a moderate anemia, 

microcytosis, hypochromia and 10.'2% Hb H (determined locally 

soon after blood collection; the method concerned electropho

resis on cellulose acetqte membrane and spectrophotometry of 

the eluant from the Hb strips. The hematological data are 

listed in Table [B-2]. 

Table [B-2]: Hematological Data • 

Subjects Sex-Age Hb RBC PCV · MCV MCH MCHC HbH Genotype 

g/dl lOU/1 111 fl pg g/dl % 

Father M-40 15.7 6.53 0.49 75.0 24.0 32.0 aaf-c}·1 

Mother F-39 11.9 4.99 0.38 76.0 23.8 31.3 _SBAJaa. 

propositus M-17 9.7 4.53 0.37 81.7 21.4 26.2 10.2 _SBAf-c}·1 

* The red blood cell indices were measured in local hospi-tal· where "the 

elec-tronic cell coun"ter is not. available. The RBC was coun"ted by 

microscopy and the PCV was de-termined by the classic Wintrobe's 

me-thod. A larger s-tandard error should be considered. 
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DNA analysis was conducted in the Laboratory in Augusta. Gene 

mapping with the a- and r- probes identified the common --8~ 

type of a-thal-1 being present in both the propositus and his 

mother. 

Gene mapping of the DNA from the propositus and his father, 

however, gave several abnormal fragments that were detected 

with the a- and 81-probes (these experiments were greatly 

facilitated by the pres~nce of the large SEA deletion on the 

second chromosome). Their sizes were consistent with an -2e7 

kb deletion that included the entire a1 globin gene (Table (B-

3]). Abnormal fragments detected with the a-probe included a 

2 0. 5 kb Eco RI fragment, an 1·1. _5 kb Bam HI fragment, . and a 5. 4 

kb Hind III fragment (replacing the normally occurring 4.5 and 

3. 7 kb fragments) .•. The normal 7. 4 kb Bgl II and 15 kb Hpa I 

fragment$ were absent 'but a 4. 7 kb Bgl-_ II fragment and. a 1~. 5 

kb Hpa I fragment were detected with the 81 probes~ Thes·e· 

results identified a 2.7 kb deletion that includes.the'.a1 gene 

and is located between the 5 1 a1 Bgl II restriction site and 

the 3 1 a1 Eco RI restriction site (Table (B-3]). The size of 

the deletion is best calculated from the abnormal _Bgl II 

fragment (7.4-4.7=2.7 kb) and the abnormal Hind III fragment 

(4.5+3.7-5.4= 2.8 kb). 

This new deletion is the seventh type of a-thal-2 that has 

been observed. It differs from the two common.types (-a3·7 and -

a42 ) in size and location (Figure (B-2]). It is also different 

from the rare -a3·5 kb deletion observed in two Indian individu-
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als; this 3 • 5 kb deletion. has its 5 • breakpoint between the 5 ' 

a1 Pst I and Hind III sites, and its 3 1 breakpoint between the 

Bam HI and Pvu II sites 3 1 to a1 (Figure [B-2]). 

II.. Nondeletional a-thalassemia in China and southeast Asia 

a. H))· H disease with Hh constan·t·· Sprinq 

In more than. 75% of all patients from this area, one chromo

some carries the --8~ deletion, as determined by hybridization 

with the a- and r-probes, but the other chromosome does not 

appear to have any gross gel)e deletions~ Among these patients 
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Tab~e [B-3]: Sizes (kb) of Fragments Hybridizing with the a and 81 Probes 

Enzymes Control A Propositus Control B·· 

(aalaa) ( __ sEA I -a2.7) ( __ sEA I -a3.7) 

a Eco RI. 23.0 20.5 19.5 

Bam HI 14.0 11.5 10 .. 5 

Bgl II 12.6; 7.4 12.6 16 

Hind III 16.5; 4.5; 3.7 16.5; 5.4 16.5; 4.5 

Hpa I 15.0; 4.2 4.2 

61 Bgl II 7.4 4.7 

-
Hind III 4.5 5.4 4.5 

Hpa I 15.0 12.5 



131 

Hpai/8-probe Bglll/8-probe 

M F P M F P 

-15.0 kb -7.4 kb 
-12.5 kb 

-4.7 kb 

. ·:~ . ... ·· . 

Figure [B-2J: Gene mapping data from the patient (P) with Hb 

H disease (--8EAj-a.2·7) and his parents (F: the father; M: the 

mother). Notice that the 7.4 kb Bgl II-8-specific fragments 

for the -a.2·7 deletion are present in both the patient and his . 

father; so are the 12.5 kb Hpa I-8-specific fragments. 
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Figure [B-2~: The physical map for the -a2
·
7 deletion. 
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with non-deletional a-thal determinants, 39 were found to be 

compound heterozygous for the __ s& a-thal-1 and Hb Constant 

Spring gene, as evidenced by the DNA amplification (PCR) and 

the oligomer probe hybridization. A point mutation in the 

termination codon of the a2 globin gene (TAA~CAA) results in 

the production of an elongated a-globin chain with 31 extra 

amino acids. As only a small amo\lnt of the mutant globin. chain 

is produced due to the unstable elongated mRNA, an a-thalasse

mia phenotype results. The single nucleotide substitution· in 

the termination codon was confirmed by the single stranded-PCR 

based DNA sequencing ;method in one of the patients (Figure. [B-:-. 

3]). Some blood samples of the patients with Hb H/Hb Constant 

Spring disease from China were handled iri the local hospital 

and the DNA was transported to Augusta as alcohol precipi

tates~ The only available hematological data are the quantity 

of the Hb F (measured by alkali denaturation method), Hb A2, 

Hb Bart's and Hb H (measured by the electrophoresis method). 

The limitation of the available hematological data prevents a 

detailed comparison of the clinic severity from this group of 

patients with that from the deletional form of Hb H disease, 

but the average Hb H (plus Hb Bart's) level in this group with 

Hb H/Hb Constant Spring disease is 13. 8± 3. 9% (J.'±SD), as 

compared to 5. 5± 2. 8% in the other group of patients with 

deletional Hb H disease ( __ sEA 1 -a3·1 or -a4·2 ) • Six out of the 15 

patients with Hb H/Hb Constant Spring disease From China 

underwent splenectomy to maintain a moderate hemoglobin level 
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without the requirement for blood transfusion. The hemoglobin 

composition data for the patients are listed in·· Table [B~4]. 

Twenty-four patients with Hb H disease, ·who attented the 

Clinic of the Department of Pathology,· Faculty of Medicine, 

National University of . Malaysia, Kuala Lumpur, Ma·laysia, 
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A C G T A C G T 

= T AA terminator codon 

.. ~~~:~ · . · .... · .,:· ::3 CCG Pro 

~'~~ 
~·:.·:-; 

"~~-~,-_,:,: 

Figure [B-3]: DNA sequencing data for a patient with Hb 

H/Hb Constant Spring (left panel) and a patient with Hb H/Hb 

Quong Sze ( right panel) . 
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Table [B-4]: Hemoglobin Composition Data from the Hb H 

Patients with the Genotype __ sEA I a.csa..@ 

Subjects Sex-Age HbF HbAa HbH Hb Bart's 

NC-1* M-9 2.95 2.02 4.86 4.05 

NC-2" F-19 2.19 2.79 10.52 2.65 

NC-3* F-11 1.30 4.40 13.20 

NC-4* M-22 1.24 1.89 14.19 

NC-5* F-18 3.20 3.61 15.16 

NC-6* M-19 1.42 2.30 21.16 

NC-7 F-9 1.08 2.03 10.60 5.90 

NC-8 F-9 3.56 2.54 5.24 8.99 

NC-9 F-3 1.36 2.29 8.29 

NC-10 F-6 2.34 2.46 3.81 13.77 

NC-001 6.50 2.80. 6.00 5.30 

NC-002 7.00 2.70 10.00 5.00 

NC-005 1.70 2.30 11.00 

A-1 M-22 1.40 7.20 

A-6 M-23 3.00 19.40 

NC-006 0.70 1.70 14.40 

0 : Data are in % 

* : these patients underwent splenectomy. 
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participated in this study. The blood samples of the patients 

with Hb H disease from Malaysia were shipped to Augusta at 4° 

c, the red blood cell indexes were measured in our Core 

Laboratory. It was possible to study :theSe patients in a 

separate group. Twenty-three of the 24 patients with Hb H 

disease were heter_ozygous for the -a-tha.l~1 SEA type.. Ten 

patients with Malay origin and 13 patients-with Chinese origin 

carried this disorder .. Most· prevalent among the three types of 

a-thal-2 was the Hb Constant Spring mutation {codon 142, 

TAA-+CAA) observed in 10 patients~ followed by the -a3·7 

deletion, while the -a4·2 deletion was seen in only three 

{Chinese) patients. One patient likely had a nondeletional a

thal mutation on each of his two a2-globin genes which have 

not yet been identified. 

Table [B-5b] provides additional data about the 24 patients; 

as complete information for each subject was not always 

available, more detailed results for 12 patients are listed in 

the second part of this table. The total Hb level varied 

between 8 and 10 g/dl and did not differ significantly among 

the three groups, although the patients with 

appeared to be more severely affected than the others {Table 

[B-5a]). The levels of Hb H varied from 3.9 to 25.6%, deter

mined in a freshly prepared red cell lysate by cellulose 

acetate electrophoresis. Patients with the __ sEA 1 a.csa condition 

had at least twice the level of Hb H than those with either -

/ -a4.2 or --I -a3.7. 



Table [B-Sa]: The different types of a-thalassemia among the 24 patients with Hb H 

disease from Malaysia. (average and range) 

Type of a-thal8 Ethnic # of Age (years) Hb (g/dl) Hb H (%) 
Origin Patients 

__ sEA I -a4.2 Chinese 3 28.0 (21-40) 8 • 0 ' ( 7 • 1-9 • 9 ) 4 • o ( 2 • o-6 • 1) 
__ sEA I -a3.7 Chinese: 5 7 31.5 (12-63) 9.2 (8.2-10.0) 6.7 (3.9-12.1) 

Malay: 2 
__ sEA/acsa Chinese: 5 13 22.5 (6-35) 8.5 (3.4-10.7) 15.1 (4.0--25~6) 

Malay: 8 

(aa)T/ (aa)T Chinese 1 57 10.6 n.d. 

a SEA = Southeast Asian type of deletion; cs = Constant Spring; T = nondeletional a-thal, 

not identified. 

..... 
~ 
Oo 
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Table [B-Sb]: Hematological and Hb composition data for 12 

Hb H patients with deletional and nondeletlional a-thalassemia 

from Malaysia. 

Case Sex-Age Condition Hb g/dl PCV% RBC 1011/1 MCVfi MCHpg MCHCg/dl HbH% 

H1 F-21 -J-a.4.2. 7.1 0.228 3.3 69.0 21.3 31.1 6.1 

H2 F-19 -1-«·1 8.4 0.286 4.5 63.5 18.6 29.4 7.2 

H4 M-25 same 9.5 0.329 4.5 73.0 21.4 28.9 12.1 

H6 M-38 same 8.9 0.339 5.1 66.5 11.5 26.3 3.9 

Hll F-36 same 8.2 0.295 5.05 58.5 16.3 27.8 4.5 

H12 F-12 same 10.0 0.389' 6.6 59.0 17.7 25.7 5.8 

Average 9.0 0.327 5.15 63.5 18.3 27.5 6.7 

(n=S) 

H3 M-22 -laesa 9.4 0.355 4.2 84.5 22.3 26.5 18.0 

H5 F-34 same 7.5 0.261 3.7 10.5 20.2 28.7 25.6 

H8 F-14 same 8.9 0.312 4.4 71.0 20.2 28.5 15.4 

H9 F-17 same 7.3 0.254 3.1 82.0 22,2 28.7 16.4 

H 13 F-6 same 3.4 0.128 2.3 55.5 J5.0 26.6 8.0 

H 14 M-6 same 8.7 0.313 4.6 68.0 19.0 27.8 11.6 

Average 7.5 0.266 3.7 72.0 19.8 28.2 15.8 

(n=6) 
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~= Hb H disease with Hb Quonq sze 

In the study of the molecular lesions causing an a-thal 

phenotype, a single nucleotide mutation in codon 125 (C~~C~G) 

of the a2 gene was identified in a Chinese patient with Hb H 

disease and his brother. This mutation results in the substi

tution of proline (Pro) for leucine (Leu) in the H helix of 

the a-globin c~ain, which is critical for a1-~1 contact. 

The propositus (S.c. ) is a 2 2 -year-old Chinese male, who 

recently came from Hong Kong to Canada. He was referred to the 

Department of Medicine, University of Alberta, Canada, due to 

a moderate anemia. He had a hypochromic, microcytic blood 

picture with occasional target cellse Hemoglobin was 13.2 

gfdl and he had normal s'erum iron,· ferritin, Hb A2 and Hb ·F 

levels., A hemoglobin H inclusion body preparation was strongly 

positive. A recent oxygen affinity measurement gave a P50 value 

of 2 0. 4 mm Hg (normal control, 2 6-2 8 mm Hg) ; the 2, 3 DPG value 

was 6.84 [units] (normal· control, 4.5-5.1 [uni~s]). His 

brother, who has no clinical manifestatiqn, is also available 

for study. His peripheral blood·revealed a mild hypochromic 

and microcytic picture. The hematological data are listed in 

Table [B-6]. 
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Table [B-6]: .Hematological Data from the Patient with Hb H/Hb 

Quong Sze Disease, a Hb Quong Sze Heterozygote 

and a Control. 

Subjects Genotype Sex-Ag~ Hb PCV RBC MCV MCH MCHC HbH" 

. g/dl 111 10U/1 fl pg g/dl % 

Proposibls _Sl!Afa.QSOI. M-22 14.5 0.555 8.34 67.0 17.4 26.1 2.24 

Brother a.a./ OI.QSOI. M-19 17.1 0.501. 6.62 75.7 25.8 34.1 Q 

Control a.a.la.a. M-30 16.7 
1
0.488 5.25. 93.0 31.8 34.1 0 

* measured by HPLC. 
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southern blot hybridization data with the a-probe and the r
probe revealed that the propositus carried the a-thal-1 (--8

BA) 

deletion on one chromosome, but the ·other chromosome had 

intact a globin gene loci. The entire a2 globin gene and a1 

globin gene were amplified for the propositus and· his brother. 

The amplified double stranded-D~A fragments were hybridized 

with the mutant oligomer probe specific for Hb Quong Sze and 

a normal probe and the results showed that both the propositus 

and his brother. had a T to C mutation at the second nucleotide 

of codon 125 in the a2 globin genes. PCR-based DNA sequencing 

data confirmed dot blot hybridization results (Figure [B-3]). 

The Leu (CTG) to Pro (CCG) mutation usually exerts a profound 

effect on the stability of the hemoglobin tetramer. The 

unusual feature of the mutation in the a2 gene produces an a

thal rather than an unstable hemoglobin. It is well known that 

the combination of this gene and a deletion of a globin gene 

(--ja125 Proa) produces the clinical features of Hb H disease 

(Goossens et al, 1982]. 

The brother of the propositus, a carrier of this lesion 

(genotype a 125 Pr0ajaa) is phenotypically indistinguishable from 

carriers of a-thalassemia trait characterized by hypochromia 

and microcytosis. It is noteworthy that this family immigrated 

to Canada from Hong Kong, the neighbor of province Quong Sze, 

from where the first Hb H/Hb Quong Sze disease was reportedo 
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IIX. Hb H/Hb E disease 

Family s. of Vietnamese origin and living in the USA, 

participated in this study •. The propositus (II-3) of this 

family was a 2-year-old girl and referred to the Department of 

Laboratory and Pathology, Mayo Clinic, Rochester, Minnesota, 

due to a chronic hemolytic anemia. She had a slight anemia, 

hemoglobin 8.1 gfdl, erythrocyte count 5.1x 1012/1 and striking 

microcytosis with an MCV value of 55.6 fl and an MCH value of 

15.9 pg. On electrophoresis she exhibited hemoglobin Bart's 

6.7%, Hb A 69.6%, Hb E 13.9%. Hemoglobin F by alkali denatur-

ation was 9.8%. This "Hb Bart's + A + E pattern" is usually 

the equivalent of hemoglobin E/H disease and implies a three 

a locus deletion or a-thalassemia-1 with hemoglobin Constant 

Spring [Wasi et al, 1974]. It is not surprising that a triple 

combination of the a-thal-1 gene, acs gene and (3B gene occurred 

in this Oriental family, because the Hb E, a thalassemia and 
. ' 

Hb Constant Spring are so frequent in Southeast Asia. 

Interestingly, a careful investigation of the electrophoresis 

pattern revealed no trace of Hb Constant Spring band. One of 

her brothers had a similar condition. The hematological data 

are listed in Table [B-7].and the pedigree, in Figure [B-4]. 



Hb E: 

Hb E: 
Hb Bart's: 

240/o 

190/o 
trace amount 

290/o 

00 Alpha-Thai--SEA ~ Hb Constant Spring 

13.90/o 
6.7°/o 
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Figure {B-4]: Pedigree of Family SG with Hb H/Hb E diseaseo 

The upper symbols repr~sent the a-globin gene locus composi

tion; the lower ones, the ~-globin gene locus composition; ~A 

and ~E are referred to the ~A and ~E loci, respectively. 



145 

Table [B-7] :· Hematological Data and Hb Composition from 

Family s. 

Subjects Sex-Age Genotype Hb PCV RBC MCV MCH MCHC HbB• Hb Bart's 

g/dl Ill 1oun fl pg g/dl % % 

1-1 M-adult {J"f{JB.owJ_SV. 13.2 0.412 S.f.IJ 69.0 .· 22.1 ·. 32:0 24.0 0 

1-2 F-adult (Y'I (JB .aal a.aa. 12.5 0.371 4.49 84.0 27.8 33.2 29.6 0 

11-1 M-7 {J"I{J".aala.a. ·- 12.4 0.371 4.71 78.7 26.3 33.4 0 

11-2 M-4 (Y'f(JB.-sv.la.csa. 7.2 0.245 4.62 53.1 15.6 29.4 19.1 small 

11-3 F-2 {J"f(JB._sv.1a.csa. 8.1 0.284 5.10 55.6 15.9 28.5 13.9 6.7 

* Hb E + Hb A2 
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Gene mapping data demonstrated that the propositus (II-3), 

her father (I-1) and her younger brother (II-2) carry a 

chromosome with the __ sEA de·letion (gene· mapping data not 

shown). Amplified DNA hybridization with a mutant oligomer 

probe specific f.or the Hb cs gene showed that the propositus 

(II-3), her mother (I-2) and her brother (II-2) are heterozy

gous for the Hb Constant Spring gene. The oligomer hybridiza-
. ' ' . 

tion results were confirmed by th·e PCR..;based DNA sequencing 

data (Figure [B-3]). It is obvious:.that II-2 and II-3 have the 

same genotype: (jA I [jB. __ sEA 1 acsa; the __ sEA chromosome is inherit-

ed from the father; the Hb cs gene from the mother. The Hb E 

genes could be inherited from either the father or the mother, 

both of them are heterozygoous for the Hb E genee 

It is interesting to note that Hb cs bands can not be 

detected by the routine elect~ophoresis in simple Hb cs 

heterozygote, but Hb cs bands are usually demonstrated by 

electrophoresis when an acs gene occurs in combination with an 

a-thal-1 gene. This family is an exception to this general 

rule. 

IV. Hh H disease involvinq some unknown non-deletional a 

thalassemia alleles 
,.. 

Fifteen Hb H disease patients in this Oriental group with 

genotype __ sEA/ (aa)T have been extensively studied with allele-

specific oligo~er probe hybridization and. PCR-based DNA 

sequencing analysis. The molecular basis for the chromosome 
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{aa)T remains completely unknown. It is tempting to speculate 

that there might be some defects far'away from the a glob~n 

gene coding sequence, .the promoter and proximal enhancer 

region. Further studies are required to elucidate the molecu

lar basis for-these nondeletional a-thalassemias. 

In summary, the genotype distribution in this large Oriental 

group is listed in the following Table; some of the samples_ 

were collected overseas at specific requests to study nondele

tional a-thalassemia, therefore a bias_ in the samples' 

selection must be considered. 

Table [B-8]: The Genotypes of the Patients with Hb H Disease 

from China and Southeast Asia. 

Genotype Number 

__ sEA I -a3.7 19 

__ sEA I -a4.2 8 

__ sEA laesa 39 

__ sEAiaQsa 1 

__ sEA I -a2.7 1 

{a a) T I {a a) T 1 

__ sEA I { aa) T 15 

Total 84 



c. Hb H Disease in an Indian Family Livinq in south 

Africa 
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Three types of a-thalassemia in 28 members of a large Indian 

family, which lives close to Durban in Natal Province, South 

Africa, were .identified during this study. Hematological and 

hemo,globin composition data indicated a moderate anemia in all 

seven patients with Hb H disease with severe microcytosis and 

hypochromia, no elevation of ~-chain synthesis, low levels of 

Hb A2 ( o. 3 -o. 7%) , and low levels of Hb H. The most severe 

disease was present in two teenagers with the --8AJ-a4•2 

combination. 

I. The. clinical and hematoloqical data 

Ten of eleven children of one Indian couple (both deceased), 

two wives and 16 grandchildren from this large Indian family 

were studied. The propositus (II-13) was known to have Hb· H 

disease and attended the hematology clinic at the King Edward 

VIII.hospital on many occasions. In the past he had received 

numerous blood transfusions and became severely iron-overload

ed (serum ferritin in excess of 1,000 ngfml). On physical 

examination he had a mild hepatosplenomegaly. Blood trans·fu

sions were discontinued and he was placed on an iron-chelating 

regimen. The pedigree .. of this family is ·shown in Figure [C-1]. 

The h~matological data _are listed ~n Table [C-·1} according the 

types of a-thal. present. The data include the levels.of Hb ·A2 

and Hb H; the latter were obtained for samples that ha'd 

traveled by air for four days at 4° c~ Hb F levels were below 



Table [C-~]: Hematological and Hb Compositio~ Data 

C&W 

ll-3 

ll-4 

ll-10 

ll-14 

ill-1 

m-2 

ll-2 

ll-6 

ill-3 

ill-4 

ill-10 

ill-12 

ill-16 

ill-8 

ll-12 

ll-1 

m-s 
ill-11 

ill-13 

ill-14 

ill-15 

sex/Age 

F-58 

F-56 

F-41 

F-36 

F-19 

F-17 

M-61 

F-48 

F-16 

M-22 

M-10 

M-6 

M-6 

M-12 

F-39 

F-63 

M-20 

F-7 

F-2 

F-14 

F-11 

condition Hb 
g/dl 

9.6 

10.4 

13.3 

12.4 

14.2 

12.9 

12.0 

9.8 

13.1 

15.6 

11.3 

u.s 
12.1 

12.4 

11.0 

9.4 

14.1 

10.6 

10.7 

11.3 

PCV 
1/1 

.288 

.327 

.409 

.376 

.446 

.399 

.351 

.315 

.417 

.499 

.352 

.333 

.382 

.408 

.363 

• 325 

.432 

.327 

.349 

.370 

.363 

RBC 
1()11/1 

3.28 

3.38 

4.30 

4.66 

5.06 

4:75 

4.38 

4.38 

5.17 

6.12 

5.19 

4.50 

5.01 

5.71 

5.02 

4.92 

6.18 

5.01 

5.72 

5.71 

5.77 

MCV 
fl 

87.5 

96.7 

95.2 

80.5 

88.2 

84.0 

80.1 

71.9 

80.6 

81.5 

67.7 

74.0 

76.1 

71.4 

72.2 

65.9 

69.8 

65.2 

61.0 

64.7 

62.9 

MCH 
pg 

29.2 

30.8 

30.9 

26.6 

28.1 

27.2 

27.5 

22.3 

25.4 

25.5 

21.9 

25.5 

24.1 

21.8 

22.0 

19.2 

22.7 

21.1 

18.6 

19.8 

20.1 

MCHC ~b II" 
g/dl % % 

33.4 2.2 0 

31.8 2.9 0 

32.4 2.4 0 

33.1 2.0 0 

31.9 2.3 0 

32.3 2.3 0 

34,3 2,4 I 0 

31.0 1.8 0 

31.5 2.2 0 

31.3 2.5 0 

32.3 2.1 0 

34.5 2.4 0 

31.7 2.2 0 

30.5 2.1 0 

30.4 2.0 0 

29.1 2.1 0 . 

32.5 2.0 0" 

32.3 1.9 0 

30.5 1.8 0 

30.5 2.2 0" 

32.0 1.6 0 

149 

ll-8 F-46 

11.6 

6.1 

9.7 

10.3 

.195 3.31 58.9 18.6 

19.5 

31.5 0.6 n.d. 

ll-11 

ll-13 

ll-15 

ill-9 

m-6 

ill-7 

M-40 

M-38 

F-36 

M-7 

F-16 

F-15 

-cl-'1-"' 

-ci·'J-"' 

-ol-'1-"' 

-ci·'J-SA 

8.9 

9.6 

8.8 

8.9 

a See pedigree of Figure [C-1]. 

.331 

.344 

.300 

.336 

.306 

.299 

4.97 

5.37 

4.55 

5.46 

4.83 

4.98 

66.8 

64.1 

65.9 

61.4 

63.4 

59.9 

19.1 

19.6 

17.5 

18.2 

17.9 

29.2 0.6 3.5 

29.8 0.5 2.9 

29.7 0.3 3.6 

28.5 0.5 8.3 

28.6 0.7 2.1 

29.8 0.7 3.5 

b By miaroaolumn chromatography and cation exchange HPLC. 
a Hb H was detectable as an occasional inclusion .body on a slide 

preparation. 
n.d. = not detectable. 



Table [C-2]: Comparison of Averages for the Hematological Data for Normal Relatives and 
These with a-Gene Deletions (average ± S.D.) 

Genotype Number Hb gjdl MCV fl ·- MCH pg Hb ~ % 

aajaa 6 12.13±1.77 88.68±62.8 28~81±1.81 2.45±0.30 

aaj-a3·7 7 12.20±1.80 75.98±5.13 24.60±1.98 2.32±0.24 

aaj--sA 6 11.28±1.57 64.92±2.98 20.25±1.47 1.93±0.22 

__ sAl-a 7 8.90±1.35 62.91±2.98 18.63±0.81 0.56±0.14 

..... 
c:.n 
c 
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1%. The average values of Hb, MCV, MCH and Hb A2 in each · 

group with different genotypes are summarized in Table [C-2] 

for comparison. 

1:1:·. DNA Analysis 

These studies involved gene mapping analysis with various 

enzymes and a- and !-probes. The data were listed in Table [C-

3]. Fragments specific for the South African a-thal-1, such as 

the 7.0 kb Bgl II and 19 kb Xba I fragments (!-probe), and the 

absence of a 10 kb Bam HI, a 23 kb EcoR I and a 16 kb Hind III 

fragments (!-probe) were consistently observed. 

The rare South African (--M) type of a-thal-1 is character

ized by a 23 kb deletion involving the ~!1, ~a2, ~a1, a2, a1 

and 81 genes. The 5' break point of the deletion is localized 

between the Hpa I/Acc I sites of the interzeta region and· the 

5 •-end of the interzeta HVR; the 3 1 break point of the __ sA 

deletion, between the Hind III and Bgl II restriction sites 4-

5 kb 3 1 to the a1-globin gene (Vandenplas et al, 1987]. The a

thal-1 deletion was present in 13 members (six simple heteroz

ygotes, five with Hb H disease of the __ sA/-a3·7 and tvio with Hb 

H disease of the __ sA 1 -a4·2 ) • 
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Table [C-3]: Gene Mapping Data from the Indian Family. 

Individual 

II-3 II-8 III~6 II-12 

Condition aafaa __ sA/-a3.7 __ sA/-a3.7 -a3.7 I -a4.2 

a-Probe 

Eco RI 23.0 19.0 19.0 19'. 0 

Bgl II 12.6; 7.4 016.0 7.4 016.0; 12.6; 
7.4 

Bam HI 14.0 10.0 10.0 10.0 

,-Probe 

Eco RI 23.0; 5.0 19.0; 5.0 19.0; 5.0 19.0; 5.0 

Bgl II 12.6; 11.5 11.3; 12.6; •8.4; 016.0; 
016.0; •8.4; 11.3; 12.6 
*7.0 *7.0 

Bam HI 10.8; 5.9 10.8; 5.9 10.8; 5.9 10.8; 5. 9. 

Xba I 20.0; 16.0 *19.0 *19.0 20.0; 12.0 

*: specific for --~ allele 
o: specific for -a3•7 allele 
•: specific for -a4·2 allele. 
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Figure (C-2] illustrates the fragments in Bgl II digests of 

DNA samples from 18 members of this family and from one normal 

control that hybridize to the a and t probes. Normal members 

(III-2; III-1; II-10; II-3; II-4 and the control) exhibit the 

12.6 kb and 7.4 kb fragments with the a-probe, and two {12.6 

kb and 11.3 kb) with the r-probe. Two a-thal-1 (--SA) heterozy

gotes (II-1; III-5) had the same fragments as wel·l as the 

specific 7.0 kb fragments detectable with the t-probe. Four 

subjects (III-4; III-3; II-6; II-2) were heterozygous for a

thal-2 (-a3·7 ) (characterized by the 16 kb fragment hybridizing 

to both a- and t-probes), while subject III-8 was homozygous 

for the same deletion. Subject II-12 had a compound,heterozy

gosity for a-thal~2 (-a3·7 ) and a-thal-2 (-a4·2); characteristic 

were the 16 kb fragment for a-thal-2 (-a3·7 ) and the 8.4 kb 

fragment for a-thal-2 (-a4·2 ) that hybridized to the r-probe. 

Five subjects had a combination of one of the a-thal~2 

deletions and the a-thal-1 (--M) deletions (Hb H disease). 

Three (III-9; II-11; II-8) had the -a3·7f--sA combination (the 

16 kb fragment (a- and r->; no 7.4 kb fragment (a-); one of 

the two 10.8 to 12.6 kb fragments (t); the specific 7.0 kb 

fragment ( r> ] and two (·III -7 and III -6) had the -a4·2 I __ sA 

combination (absence of the 16 kb fragment (a- and r->; the 

7.4 Kb fragment (a); one of the two 10.8 to 12.6 Kb fragments 

( _t) ; the 8. 4 Kb fragment ( _t) specific for a-thal-2 ( -a4·2 ) , and 

the 7. 0 Kb fragment ( r> specific for the a-thal-1 (--8A) 

deletion]. The 10 additional subjects were tested in a similar 
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manner (Table (C-1] lists these data). Six members had a 

normal complement of .four a-globin genes (aafaa); seven were 

heterozygous for the a-thal-2 (-a3·7 ) deletion (-a3·7faa); one 

was homozygous for this deletion; one was a compound heterozy

gote for the two a-thal-2 deletions (-a3·7 /-a4·2); six were 

heterozygous for the a-thal-1 deletion (aaf--"]; five had Hb 

H disease of the (--8Af-a3·7 ) type, and two had Hb H disease of 

the ( __ sA {-a4·2 ) type. 



I 

II 

III 

2 

• --1 S.A. type 

~ - (/ (-3.7 kb) 

• - (/. (-4.2 kb) 

t 

3 4 5 
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2 

6 7 8 9 10 11 12 13 14 15 16 

Figure [C-~]: Pedigree of the Indian family with the --~ a

thal-1 and the two types of a-thal-2. 
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Figure [C-2}:. Gene mapping data for 18 members of the Iridian 

' family .. _ Bgl II digests and hybridization with 

the a:- and t-probes. See text for further·. 

details. 
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D. Hb H Disease in west Europeans 

a-Thalassemia seems to. be relatively uncommon in North 

Europeans. In limited cord blood surveys elevated levels of Hb 

Bart's have not been observed and there have only been 

sporadic reports of the occurrence of Hb H disease from a 

swedish family and several English families [Weatherall and 

Clegg, 1981]. Three families of European origin were evaluated 

in this study: one had British ancestry and the other two were 

of Dutch descente The results from these British family anq 

Dutch families- are described below. 

X. Family M. 

This caucasian family lives in Augusta GA. The _father was an 

immigrant from Pan~ma,·with a Spanish mother and a British 

father. The mother is of an Italian and British origin. ·The 

propositus was a newborn baby. The cord blood contained a 

substantial amount of Hb Bart's as determined by isoelectro

focusing during a routine screening program for newborns in 

Georgia. Its quantity was determined by CM cellulose chroma

tography and was found to be 27.3%. The Hb F level was 35%. 

The baby was restudied at three and half months of age, at 

which time a moderate anemia was present. Hematologic data for 

the propositus and his parents are listed in Table [D-1]. The 

peripheral blood smear of the propositus showed· hypochromia, 

microcytosis, anisocytosis, poikilocytosis and the presence of 

target cells. His reticulocyte count was 4.4%. The Hb Bart's 

and Hb F levels had decreased to 10a3% and 5%, respectively 
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(Figure (D-1]); Hb ~ was 0.8%. Peripheral blood from his 

mother and his father also showed mild microcytosis and 

hypochromia .. 

Results of restriction endonuclease mapping studies of the a

and r-globin genes of the propositus, his parents and a normal 

control are shown in, Figure (D-2]. DNA digestion with Eco RI, 

Bam HI and Bgl II·from the propositus and hybridization with 
.. ' 

the a-probe showed only the abnormal_fragments of 19 kb (Eco· 

RI), 10 kb (Bam HI) and 16 kb (Bgl II) , and at half intensity 

when compared with the bands for a normal control. The 

restriction mapping pattern is typical ,of.a.chromosome with a 

. rightward deletion ( -a3·7 ) , which apparently ·was transmitted to 

the propositus from his father, who is a heterozygote for the 

a-thal-2 (-a~7faa). The absence of .the normal 23 kb Eco RI~, 

14 kb Bam HI- and 12.6 kb and 7.4 kb Bgl II-a specific bands 

indicates that the a2- and a1~globin genes have been deleted 

on the other chromosome. 

In order to explore the characteristics of the (--/) chromo--

some further, genomic DNA, digested with Eco RI, Bgl II,. Bam 

HI and Hind III, was hybridized to a human r-gene eDNA probe. 

Abnormal fragments were detected with Bgl II, Eco RI and Hind 

III digests in addition to those derived from the chromosome 

carrying the rightward deletion ( -a3·7 ) • The presence of the 

abnormal 8.5 kb Bgl II, 7.2 kb Eco RI and 23.0 kb Hind III 

fragments indicates that the restriction sites for these 

enzymes 3' to the r2-globin gene have been removed by the 
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deletion, which is consistent with the Southern blot pattern 

for a chromosome· carrying the a-thal-1 (--Brit/) determinant 

[Higgs et al, 1985] • a-Gene mapping data from the mother 

indicated that the normal a-specific fragments are present but 

only at half intensity when compared with a normal control, 

while the abnormal 7.2 kb EcoR I-, 8.5 kb Bgl II- and 23 kb 

Hind !!I-f-specific fracjments are also present. Thus, the 

propositus inherited the __ Brit chromosome from his mother 

(Table [D-3]). 

The 5 1 break point of the Br1tish type deletion is more or 

less precisely defined between the f2 gene and its flanking 3 1 

Eco RI restriction site; the .. 3 1 break point. i·s said to be 

located between the 81 gene and the 3 1 hypervariable region 

(3'HVR). The deletion is estimated to involve a 24-25 kb·DNA 

fragment on the a-gene cluster, including the ~f1, ~a2, ~a1, 

a2, a1 and 81 genes. 

This is the first Hb H disease with genotype (--Brit/-a3·7 ) ever 

reported outside England. 



Table [D-~]: Hema~ological Da~a 

Case Sex-Age RBC Hb PCV MCV MCH MCHC Bart's 

101211 gld1 111 f1 pg gld1 ~ 
0 

patient newborn - - - - - - 27.3 

patient M-3. 5 m 5.5 9.1 0.340 61.0 16.5 26.8 10.3 

Father M-29 y 5.3 13.7 0.425 79.0 25.4 32.2 0 

Mother· F-30 y 4.8 11.5 0.395 81.0 23.6 29.1 0 

Note: ·m=month; y=year_ 

A2 F 

% % 

- 35.0 

0.8 5.0 

2.7 <1.0 

2.0 <1.0 

Genotype 

__ Brit I -a3.7 

__ Brit I -a3.7 ~ 

aal-a3·7 

__ Britlaa 

._ 
0:> 
<::::> 
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II. Family C. 

The propositus in this Caucasian family was a six-year-old 

boy I of Anglo-Dutch descent. He was referred to the Hematolog

ical Division at British Columbia Children's Hospital, Canada, 

because of chronic anemia. Evidently, he has been anemic since 

he was six months of age. Despite iron supplementation, he 

continued to fatigue easily. His history is otherwise unre

markable. Hematological data revealed that the patient has a 

microcytic. anemia with a thalassemic mor~hology but with a 

normal hemoglobin pattern by electrophoresis. The mother of 

the patient also has thalassemic indices and morphology (Table 

[D-2]). 

Gene mapping analysis of the ~-globin gene cluster with a 

series of restriction endonucleases and several probes (Bgl 

II/~-IVS II, Bam HI, Hpa I and Eco Rife-probe, Bgl II/~-IVS 

II, Hind III/e-probe, Bam HI and Eco RI/pRK 28) indicated the 

~-globin gene cluster is intact, which excluded a possible 

~&~-thalassemia in this Dutch family (data not shown). Alpha

and r-gene mapping data showed the presence of a hybridization 

pattern, typical for the British a-thal-1 dete~minant.in the 

propositus and his mother (diagnostic fragments: 7.2 kb Eco 

RI-(t-), 8.5 kb Bgl II~(t-) and 23.0 kb Hind III-(t-)~pecific 

fragments (Figure [D-2]). This is the second British a-thal-1 

allele ever found on the North American Continent. 
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III. Family W. 

An apparently normal couple with normal hematological parame

ters was referred to the Central Laboratory of the Netherlands 

Red Cross Blood Tranfusion Service due to a previous still

birth history. Hematological investigations by heart puncture 

for the second still-born baby (the pregnancy was terminated 

at 36.5 weeks) with severe anemic ·appearance, obvious.edema 

and ascites revealed the following·hematological data: Hb 2.5 

g/100 ml; PCV 8.2%·; erythrocyte count 1.i4. (1012/.1); MCV 72 fl; 

MCH 21.9 pg; MCHC 30.5 g/dl; and of severe normoblastosis. 

This hematol·ogy from the baby indicated a most severe hypo

chromic and microcytic anemia. Cytogenetic analysis showed a 

normal chromosome pattern ( 46, XY) • Immunological tests showed 

no regular antibodies against newborn erythrocytes in ·the 

mother's serum. Histological examination of the liver· demon

st:rated strong erythropoiesis, indicating severe intra-uterine 

hemolysis .. Electrophoresis of the hemolysate from the still

born baby showed a fast moving Hb band, which was suspected as 

Hb Bart's in the local hospital.. Unfortunately, no DNA from 

this hydrops fetalis baby was available for further anqlysis. 

The mother gave birth to a fourth baby girl in 1989. The baby 

did not have edema; neither the liver nor the· spleen were 

palpable. Hematology from the baby· showed hypochromic and 

microcytic anemia with a Hb level 7.8 gfdl, PCV 28.4% .. 

Electrophoresis of the hemolysate revealed a fast moving Hb 

Bart's band (5.2%). Hb F measurement was 76.7% at the local 
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hospital. An a-thalassemia-! heterozygosity was strongly 

suspected for this baby. The DNA samples from the propositus 

and her parents were transported to our Core Laboratory for 

further study. The DNA samples from this Dutch ·family have 

been extensively studied by gene mapping and dot blot hybrid

ization, the molecular basis of the· a-thalassemia in the 

family is not ·clearly elucidated. It is suspected that an 

upstream mutation in the a-gene LCR region might be respon

sible for this kind a-thal-1 in this Dutch family. 



Table [D-2]: Hematological Da·t~ :. for Three Members of Family c 
.--; ..... · 

Case Sex-Age Hb PCV RBC MCV MCH MCHC Az F 

(year) gfd1 1/1 1otz I 1 f1 pg gfd1 ~ 0 % 

Patient M-6 9.5 0.315 5.10 62.0 18.6 30.2 2.10 0.8 

Mother F-35 11.1 0.370 5.60 66.0 19.8 30.0 2.31 0.4 

Father M-43 14.8 0.445 4.85 92.0 30.5 33.3 2.50 1.3 

Genotype 

__ Brit faa 

__ Brit faa 

aafaa 

"""' 0) 
~ 
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Table [D-3]: Summary of Gene Mapping Data from Family M. 

Propositus Mother Father Normal 
Control 

a-Gene Probe 

Eco RI ~19.0 §23.0 23.0; ~19. 0, 23.0 

Bgl II ~16.0 §12.6; §7.4 ~16.0; 12.6; 12.6; 7.4 
7.4 

Bam HI ~16.5 §14.0 14.0; ~10.0 14.0 

Hind III 16.5; 4.5 16.5; 3.7; 4.5 16.5; 3.7; 4.5 16.5; 
3.7; 4.5 

H~-cDNA Probe 

Eco RI 19.0; *7.2; 23.0; *7.2; 23.0; ~19.0; 23.0; 5.0 
5.0 5.0 5.0 

Bgl II 16.0; *8.5 11.3; 12.6; 11.3; 12.6; 11.3; 
*8.5 ~16.0 12.6 

Bani HI 10.8; 5.8 10 .. 8; 5.8 10.8; 5.8 10.8; 5oS 

Hind III *23.0; 13.5 *23.0; 16.5; 16.5; 13.5 16.5; 
13 .. 5 13.5 

Genotype __ Brit/-a3.7 __ Brit faa aa/-a3.7 aafaa 

1[: derived from chromosome (-a!7) 
§: has half intensity 
*: derived from chromosome (--Brit)" 



Cord Blood from Hb H Disease (~-Britt-a3.7) 
· Hb Bart's == 27.30/o 

Bart's 
27.3% 

. Hb F:::: 350/o 

F 

A 
37.3% 

' 

Blood Sample from Hb H Disease (--Britt-a3.7) 
Hb Bart's == 10.30/o 

F A,c 
6.9% 4.9% 

' I 

Hb F:::: 50/o 

A a 
74.4% 

A2 
0.8% 
I 
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Figure [D-~]: HPLC data from the propositus in Family M. The 

upper panel showing Hb Bart's level at 27.3%·in the newborn's 

cord blood; the lower panel showing Hb Bart's decreased to 

10.3% (Hb Bart's + Hb H) at age of 3.5 months. 
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Figure [D-2]: Gene mapping data from Family M. Notice that 

the typical 7.2 kb Eco RI-t-specific fragments are present in 

both the patient and.his mother. 
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E: Hb H Disease in Mediterranean countries 

Blood samples of 27 ·patients with Hb H disease from Yugosla~ 

via (3), Italy (1), Turkey (20), Greece (1), Tunisia (1) and 

Cyprus (1) were analyzed. several deletional a-thalassemia 

determinants ( __ MEDI, __ MEDn, -a2o.s -as.2 __ cL __ sPAN -a3.7 and _ 
I I I I 

a4
·2) and non-deletional a- thalass,emia determinants (initiation 

codon mutation, splice junction mutation and a polyadenylation 

signal mutation, etc) have been observed fro~ the Mediterra

nean area [Higgs et al, 1989]. The molecular basis for Hb H 

disease in this area is more complex than in other areas of 

the world. Different combinations of these alleles give rise 

to a fascinating array of heterogeneity of Hb H disease. 

x. Gene Mapping Analysis for Deletional a-Thalassemia 

DNA samples from all subjects were digested with 4-5 restric

tion enzymes and the resulting fragments were identified with 

the a-, t-, and 01-probes. Three different a-thal-1 deletions 

were observed: three patients carried the __ MEDI; 12 patients, 

__ MEDn; 4 patients, -a20·5 • 

a. Mediterranean a-thalassemia-1 subtype X 

The 17.5 kb __ MEDI deletion involves ~r1, ~a2, ~a1, a2 and a1 

genes.-The 5 1 breakpoint of the __ MEDI lies between the Hpa I 

and the Bgl II sites situated between the t2 gene and t1 gene; 

the deletion extends beyond the two a-genes and terminates 

between the a1 gene and 81 gene; the 3' breakpoint is located 

23 bp from the Bam HI site immediately 5 1 to 01 gene [Nicholls 

et al, 1980; Nicholls et al, 1987]. The t2-~ene and 81-globin 
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gene are spared in the __ wmi deletion. The identification of 

the __ wmi is greatly facilitated by the gene mapping method 

with the 81-probe and the r-probe. The __ WIDI deletion is 

characterized by the presence of a 14 kb Bgl II t-specific 

fragment (11.3 kb and 12 •. 6 kb in normal control) and the· Bgl 

II 8-specific fragment with .the same size· (7. 4 kb in normal 

control). 

b. Mediterranean a-thalassemia-1 subtype II 

The 2 6. 5 kb __ wmn deletion involves the t2, 1/1 t1, 1/Ja2, 1/Ja1, a2 

and a1 genes but spares 81 gene [Kutlar et al, 1989•]. The 3'

end of the __ wmn deletion appears to be located between the 

Bam HI and Eco RI sites 5 1 to the 81 gene. Gene mapping with 

the 81 probe generates a characteristic ·6.0 kb Hind· III

specific fragment (4.5 kb in normal cont~ol) and a 4.8 Kb.Bgl 

!!-specific fragment (7.4 Kb in normal control). 

Both the __ wmi and _._wmn deletions include the a2- and al- · 

globin genes, therefore gene mapping with the a-probe deteC?ted · '· 

no abnormal fragments. 

c. a-Thalassemia-1 with a 20.5 kb deletion 

The -a20·5 deletion starts from a region just downstream from 

the inter-r Eco RI site, extends 20.5 kb involving 1/lt1, 1/Ja2, 

1/Ja1 and a2 genes and terminates within the coding region of 

the a1. globin gene (at codon 56), but leaves the remaining 

exon II, IVS II, exon III and the 3'-untranslated region of 

the a1-globin gene intact [Nicholls et al, 1985]. Because the 

-a20·5 deletion only partially involves the a1-globin gene, the 
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identification is facilitated by the a-probe hybridization 

which gives rise to a 2.6 kb Eco RIa-specific fragment, a 3.9 

kb Bam HI a-specific fragment and a 9.7 kb Bgl II a-specific 

fragment (Figure [E-1]). 

d. Deletional a-thalassemia-2: -a3·7 and -a4.2 

Of the 27 patients, five had an a~thal-2 due to the common 

3.7 kb deletion, which is characterized by the presence of a 

19.0 kb Eco RI-a-specific fragment, a 10. o kb Bam HI-a

specific fragment· and a 16. o kb Bgl !!-a-specific fragment. 

Two had an a-thal-2 due to the 4.2 kb deletion characterized 

by the presence of a 19.0 kb Eco RI-a-specific fragment and an 

8.4 Bgl rr-r-specific fragment (data not shown). 
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--BamHI/a-probe -. _,.....,.. __ Bglll/a-probe ~--... 

7 6 54 3 2 1 7 6 54 3 2 1 

-9.7 kb 

-7.4 kb 

.. · ... 
., ... 

... • '· 0 

-4.0 kb 

Figure [E-~]: Gene mapping data (Bam HI and Bgl II digests 

hybridized with the a.-probe) from some a.-thalassemia patients. 

Notice the 9.7 kb Bgl II-a.-specific fragments.and the 4 kb Bam 

HI-a.-specific fragments typical for the -a20
•
5 deletion. Lane 1: 

-a.3· 7j-a.3· 7 ,· lane 2: -a.3·7ja.a.; lane 3 and 4: -a.~0·5ja.a.,· lane 5:

a.20·5 ;--MEDI (Hydorps Fetalis); lane 6: __ MEf)[/ __ MEDI (Hydrops 

fetalis: there is no. a.-specific fragment Jt all); lane 7: 

normal control. 
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Figure {E-2]: Gene mapping· data from a heterozygote (#,2) for 

a nonde1etiona1 a.-thal-2 determinant (splice junction mutation 

at the IVS-I of the a.2-globin gene) and a normal control. The 

1. 4 kb Hph I fragment results from the loss of a normally 

occurring restriction site characteristic for a chromosome 

with this defect. 
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II. studies on the Nondeletional a-Thalassemia in Mediterra- .. 

nean Area 

a. Hemoqlobin Icaria in association with Hb H disease· 

Hb Icaria was discovered in a woman with a mild thalassemia 

like disorder from the Aegena island of Icaria [Clegg et al, 

1974]. An A~T mutation in codon 142 (the termination codon) 

allowed the introduction of a lysine at that position and a 

read through into 30 additional codons at the 3' end. In this 

mutant, the mRNA translation proceeds into the 3' non-coding 

region of the a2 mRNA transcripts giving rise to an extended 

172 amino acid globin chain. Although such chains appear to be 

stable and capable of forming variant Hb tetramers, the 

abnormal mRNA translation is associated with a decreased mRNA 

stability such that insufficient a-chain synthesis from·the 

mutant allele leads to an a-thalassemia phenotype. This 

anomaly is difficult to detec-t. Most routine electrophoretic 

analyses fail to identify the minute quantity of the slow

moving variant. Dot-blot analysis of amplified DNA using 

specific probes provides a relatively simple means to identify. 

the TAA~AAA mutation at codon· 142. 

A patient (GK-117) was referred t.o the Aghia Soph"ia Chil

dren's Hospital, First Pediatric Clinic, University of Athens, 

Goudi/Athens, Greece, due to mild anemia with hypochromia and 

microcytosis (hematological data shown in Table [E-5]). on 

isoelectrofocusing the Hb H fast-moving band can be seen; but 

no slow-moving Hb band behind Hb A2 was detectable. Gene 
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mapping data showed that the patient (GK-117) had a genotype -

_Mmn/aTa as evidenced by the presence of the 4.8 kb Bgl II 81-

specific fragment and 6.0 kb Hind III 81-specific fragment; 

the a-globin gene loci on the other chromosome had no gross 

deletion [ (aa) T]. Upon the dot-blot hybridization of the 

amplified DNA with 32P-labelled Hb Icaria allele-specific 

oligomer probe (codon 142: AAA) and the normal a-gene probe 

(codon 142:TAA) [see· Material and Method], the molecular 

defect on the chromosome (aa) T was clarified. This is the 

third case of Hb Icaria in association with Hb H disease ever 

reported [Clegg et al, 1974; Efremov et al, 1990]. 

~. Homozyqosity for an a2 polyadenylation siqnal mutation 

(AATAAA~AATAAG) as the molecular ~asis of ~ H disease 

An unusual a-globin gene mutation is the one occurring in·the 

polyadenylation (poly A) signal of the a2-globin gene 

(AATAAA~AATAAG) which in homozygotes (aPAafaPAa) will. iead to 

Hb H disease [Higgs et al, 1983]. During this study, seven 

such ·homo zygotes were identified. All patients exhibited 

rather severe _anemia with microcytosis ·and hypochromia being 

similar to that observed in the other patients with.deletional 

g~notypes. Hematological data are listed in Table [E-1]. 

The following seven patients were evaluated: three belonged 

to a family (Family O) from Northern Cyprus; the mother with 

Hb H disease married her first cousin and two of their 

children had the same ~ondition. Two Turkish patients (R.Oz.) 

and (M .. A.S.) attending the Pediatric Hematology Clinic in 
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Ankara, were also the products of consanguineous marriages. 

R.Oz., 10 years old, has severe disease complicated by 
. I . 

repeated urinary tract infections during her fi~st ei9ht ye·ars 

of life. Presently her condition is stabilized and blood 

transfusions are no longer required. The 14~year-old M.A.S. is 

mildly icteric with a slightly enlarged liver and spleen; two 

of his siblings died at the age of 1 month and 2 months, 

respectively. B.S. is a Tunisian teenager with relative·ly mild 

disease, while the seventh patient. (N ._N.) is an Arabian adult 

living in Israel. The diagnosis of homozygosity for the poly 

A mutation {AATAAA~AATAAG) was made through hybridization of 

amplified DNA. The dot-hybridization result from one patient 

(MAS) was confirmed by the PCR-based DNA sequencing analysis 

(Figure [E-4]). Figure [E-3] illustrates the results obtained 

for the four members of the ~orth Cypriot family; the father 

is heterozygous and the mother and two children are homozygous 

for the mutation that is located in the a2-globin gene. 

Hematological data for the seven patients and ten heterozy

gous relatives (parents and one brother) are listed in Table 

[E-1]. A rather severe anemia (average Hb: 8. 4 gfdl) is 

present with microcytosis and hypochromia. The Hb A2 level is 

low (average 0.9 %), while the Hb H level varied from 7% to 

25% (these values to be considered with caution because 

quantitation was made in red cells that were-in transit for 3 

to 4 days) . All patients had a significant increase in 1-chain 

production; these chains were present as Hb Bart's ( 14 ) 
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because Hb F (a2~2 ) was not detectable. The f-chain level was 

low and averaged 0.14%; this embryonic chain was present in a 

few specific red cells. The hematological data for the ten 

heterozygous relatives showed a borderline microcytosis 

(average MCV: 84.5 fl) and hypochromia (average MCH: 25.3 pg; 

MCHC: 30.0 gjdl); the Hb A2 values were normal (average: 

2.4%). In vitro chain synthesis data were collected for two 

Turkish patients (aj{3: 0.26 and 0.25) and for the four p_arents 

(aj{3: 0.44; 0 .. 28; 0.49; 0.44; average: 0.41). A comparison of 

the hematological data for various groups of adults with Hb H 

disease with well-defined a-thal-1 and a-thal-2 determinants 

revealed that no major differences can be observed; all types 

are associated with a moderate anemia with severe microcytosis 

and hypochromia, and variable levels of Hb H (See Section 

"Discussion"). 



Table [E-1]: Hematological and Hb Composition Data 

# 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Subject 

Homo zygotes 

R.Oz. 

M.A.S. 

s.o. 

Fe.O. 

Fi.O. 

N.N. 

B.S. 

· Heterozygotes 

1. M.Oz. 

2. F.Oz. 

3. M.S. 

4. F.S. 

5. Br.S. 

,6. H.O. 

7. M.B.S. 

8. S.K. 

.. 9. · F.k. 

10.· M.B.S. 

origin 

Turkey 

Turkey 

N. Cyprus 

N. Cyprus 

N. Cyprus 

Israel 

Tunisia 

Turkey 

Turkey 

Turkey 

Turkey 

Turkey 

N.Cyprus 

Tunisia 

N. Cyprus 

N. Cyprus 

Tunisia 

a By cation exchange HPLC. 
b By reversed phase HPLC. 

Sex-Age 

F-10 

M-14 

F-42 

F-21 

M-16 

Aduh 

M-13 

Average 

Hb PCV 
g/dl 1/1 

7.0 

7.0 

9.7 

9.0 

9.9 

7.7 

8.6 

8.4 

.289 

.295 

.424 

.393 

.421 

.290 

.306 

.345 

F-Adult 12.6 .459 

M-Adult 12.6 .460 

F-Adult 10.9 .377 

. M-Adult 13.3 .465 

M-Adult 10.8 .381 

M-Adult 16.4 .560 

F-Adult 11.9 .352 

M-Adult 13.5 .418 

F-Adult 14.6 .451 

F-Adult ill .352 

Average 13.2 .440 

RBC 
10U/1 

3.94 

3.90 

5.25 

4.27 

5.14 

4.05 

gz 

4.48 

5.12 

5.15 

4.37 

5.22 

4.64 

6.60 

4.60 

5.10 

5.50 

4.60 

5.21 

MCV 
t1 

73.4 

75.6 

80.5 

83.5 

82.0 

71.6 

12:Q 

77.0 

89.6 

89.6 

86.3 

89.1 

82.1 

84.3 

77.0 

82.0 

82.0 

ill 

84.5 

MCH 
pg 

17.8 

17.9 

18.4 

19.1 

19.3 

19.0 

19.5 

18.8 

24.6 

24.5 

24.9 

25.5 

23.3 

24.7 

25.8 

26.5 

26.5 

25.8 

25.3 

MCHC 
g/dl 

24.2 

23.7 

22.9 

22.9 

23.5 

26.6 

28.0 

2.43 

27.5 

27.4 

28.9 

28.6 

28.3 

29.3 

33.8 

32.3 

32.1 

33.8 

30.0 

A2.. , H+Bart'~ "l r 
% % % % 

0.7 

1.4 

0.6 

0.7 

0.7 

0.8 

~ 

0.9 

14.0 

6.5 

7.0 

20.0 

25.0 

n.d. 

ill 

15.0 

2.2 0 

2.5 0 

2.4 0 

2.5 0 

2.4 0 

2.2 0 

2.8 0 

2.4 0 

2.7 0 

2.8 Q 

2.4 0 

3.8 

1.2 

2.5 

1.7 

1.3 

3.7 

~ 

3.4 

0.135 

0.260 

0.020 

0.035 

0 

0.085 

0.280 

0.140 

0.5 0 

0.7 0 

0.9 0 

0.4 0 

0.4 0 

n.d. n.d. 

n.d. n.d. 

n.d. n.d. 

n.d. n.d. 

~ ~ 

0.6 0 

....... ...._. 
...._. 
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AATAAA~AATAAG POLY (A) SIGNAL MUTATION 
( a2 globin gene) 

. ,•, . -· '. .•...... ·.-.,_, 

. ·'··~ .. ,.- _) 

••• -'i --~ • ' .. -" i-
a1 a2 
MUTANT 
PROBE 

•.... , . . 

·;' :· \ •.. _:. 

1'_:-~ .-.~ •.•• 

.: ·. • ·' . 
. 

~·-··· ::·':.. _ .. : 

-:·· •• 
a1 a2 
NORMAL 

PROBE 

,, 

Control 

0-1 (father) 

0-2 (mother) 

0-3 (daughter) 

0-4 (son) 

Figure [E-3]: Identification of the AAT~-:+AATAA!'i mutation in 

the a2 gene of four members of Family o who live in Northern 

cyprus. The father· is a heterozygote and the mother, daughter, 

and son are homozygotes. The sequences of the probes used in 

these dot-blot hybridization experiments . are listed in the 

[Ha~erials and He~hods]. 
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~A_ 

Figure [E-4}: DNA sequencing data from Patient MAS. with a 

genotype a.PA-Ia.f a.PA-Ia.. 
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c. A newly discovered nondeletional a.-thalassemia determi

nant 

Several patients with Hb H disease in a Turkish family 

resulting from the interaction of a deletional a-thalassemia-! 

(--MWn) and a newly discovered poly(A) mutation were observed 

during this study. The . a-globin gene · defects present in 

several members _of a large family from Southern Turkey were 

analyzed. The deletional a-thalassemia-! (--MWn) was present 

in 10 subjects, besides the common types of deletional a

thalassemia-2. (-a3·7 ) and (-a4·2 ) a riondeletional a-thalassemia-

2 that results from an A-+G mutat.ion (AATAAA-+AATGAA) in the 

polyadenylation signal of the a2-globin gene; this is the same 

mutation that is present in the ~al gene. The a-chain defi

ciency due to this mutation is quite severe as is evidenced by 

the hematological data for five members with Hb H dise.ase 

caused by the compound heterozygosity for the a-thalassemia-! 

( __ MWn) and the newly_ discovered poly A mutation. several 

members had additional ~-chain abnormalities (Hb s, Hb D-Los 

Angeles, ~-thalassemia); the persons with a Hb S heterozygosi

.ty and various a-globin gene defects (-afaa; aTafaa, --faa, -

af~a, and --/aTa) showed a decrease in the level of Hb S that 

was directly related to the severity of the a-chain deficiency 

(Figure [E-8]). 

1. The Family: Thirty-six members of Family o participated in 

the study; at least four first-cousin marriages can be noted 

in the pedigree shown in Figure [E-5]. Analyses of their Hb 
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types identified. 10 Hb s heterozygotes, two young children 

with sickle cell anemia (III-2; III-20), one child with Hb so 

disease (III-16), one Hb D heterozygote (II-17), two with a~

thal trait (IV-1; IV-2), while 15 members did not ·have a Hb 

abnormality. Five additional members had Hb H disease (II-15, 

III-8, III-9 who is the·propositus, III-12, III-15); patient 

III-8 also had a Hb S heterozygosity. All five patients (aged 

16-50 years) were in reasonably good health with Hb levels. 

between 8 and 11 gfdl and Hb H levels between 5 and 15% (see 

below). None were transfused. 

2. a-Globin gene analyses: Deletional a-thal-2 was present 

only in -the three children of II-2 who had an a-thal-2 (-a4
•
2

) 

heterozygosity; subjects III-1 and III-3 had an Hb_S trait, 

and either an a-thal-2 (-a3·7 ) trait or a compound heterozygosi

ty ( -a3·7 1 -a4·2). The same compound heterozygosity was present in 

their brother III-2 who was also homozygous for Hb S (Figure 

[E-5]). 

As many as 10 members of this family were identified and 

having the a-thal-1 (type __ MWn) het~rozygosity. Six family 

members (II-11, II-15, III-8, III-9, III-12, III-15)· had a 

nondeletional a-thal due to an A to G mutation at the polyade

nylation signal site. Figure [E-6] provides a photograph of . 

part of a sequencing gel·of amplified-DNA from subject III-9, 

who suffers from Hb H disease. As only one a2·-globin gene was 

amplified (the second chromosome· carries the· a-thal-1 [--wmn] 

type deletion) the replacement of A by G can be readily 
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observed. This AATAAA~AATGAA mutation was confirmed through 

hybridization of amplified DNA with a specific oligonucleotide

probe (Figure [E-7]); the same mutation was detected on five 

additional family members. The data shown in Figure [E-7] 

confirmed that the mutation was at the poly A site of the a2-

globin gene. Absence of hybridization of the amplified a2-

globin genes of the three members with Hb H disease with the 

normal probe is readily explained by the large a-thal-1 

deletion on the chromosome not carrying the newly detected 

poly A mutation. 

3. Hematoloqical data:-Table (E-3] summarizes these results. 

Many members carried a heterozygosity or homozygosity for Hb 

S in addition to one of the different types of a-globin gene 

defects that made it desirable to present the data in three 

separate sections .. No marked differences were observed between 

AA and AS individuals with identical a-globin gene defects. 

The six different types of_ a-thal ( -a3·7 1 aa; -a4·2 I a a; a Tal aa; -

a3·7 l-a4·2 ; __ MEDlllaa; ~-MEDlllaTa) among the 11 members- wit~· an Hb 

S heterozygosity allowed a comparison of the relative synthe

sis of the {38 chain. in vivo. The leveL of Hb H in the four AA 

persons with Hb H diseas~ and in the AS relative with the same 

·genetic disorder varied from 5~14% but the accuracy of these 

measurements is rather low; all five had low levels of Hb A2 

(0.5-1.4%) and the expected severe'microcytosis and hypochro

mia. 



TabLe [E-3]: Hematological and Hb Composition Data from Family o. 
Subject 

Females (n =7) 

Males (n=5) 

ll-13 

ll-21 

ill-21 

ll-15 

m-9 

m-12 

m-15 

Females (n=3) 

ll-19 

m-1 

ll-2 

ll-11 

m-3 

ll-18 

m-19 

m-8 

m-20 

m-2 

m-16 

Sex/Age 

Adult 

Adult 

F-50 

F-43 

F-

M-50 

F-24 

F-16 

F-30 

Adult 

M-33 

F-7 

F-27 

M-52 

M-3 

F-30 

M-14 

M-30 

M-11 

M-5 

M-

a-Genes 

ct.etlcxa 

cxalcxa 

-lcxa 

-lcxa 

-lcxa 

-lola 

-laTa 

-laTa 

-laTa 

cxalcxa 

cxalcxa 

-cr·11cxa 

-a4.21cxa 

aTafcxa 

-cr·11-a4.2 

-lcxa 

-lcxa 

-lola 

cxalcxa 

-cJ!·11-a4.2 

cxalcxa 

{j-Oenes 

{J"I{j" 

{J"I(:J" 

{j"l{j" 

{j"I(:J" 

{J"I(:J" 

{J"I(:J" 

{j"I(:J" 

{j"I(:J" 

{J"I{j" 

{j"I{:JS 

{j"l{jS 

{j"I{:JS 

{J"I{:JS 

{j"I{:JS 

{j"I{:JS 

{j"I{:JS 

{J"I(:Js 

{j"I{:JS 

fjSI(:JS 

fjSI{:JS 

p!I(:JD 

a See pedigree in Figure [E-5]. 

Hb 
gldl 

13.6 

13.9 

9.5 

10.9 

12.4 

11.1 

10.0 

9.0 

7.8 

14.0 

13.0 

13.4 

12.3 

17.8 

12.8 

12.4 

11.3 

10.8 

Transfused 

7.1 

9.6 

PCV 
Ill 

.437 

.445 

.292 

.378 

.419 

.439 

.377 

.349 

.3CJ7 

.442 

.406 

.445 

.400 

.541 

.412 

.403 

.359 

.368 

.274 

.266 

RBC 
10UII 

4.69 

4.82 

3.79 

5.57 

5.87 

5.43 

5.19 

5.13 

3.99 

4.79 

4.48 

5.01 

4.63 

5.95 

6.18 

5.55 

5.16 

6.09 

3.50 

2.94 

MCV 
fl 

93.2 

92.3 

77.0 

67.9 

71.4 

80.8 

72.6 

68.0 

76.9 

92.3 

90.6 

88.8 

86.4 

90.9 

66.7 

72.6 

69.6 

60.4 

78.3 

90.5 

MCH 
pg 

29.0 

28.8 

25.1 

19.6 

'21.1 

20.4 

_19;3. 

. 17.5 

19.5 

29.2 

29.0 

26.7 

26.6 

29.9 

20.7 

22.3 

21.9 

17.7 

20.3 

32.7 

b ay cation exchange HPLC (Bisse and Wieland, 1988; Kutlar et al, 1990) 
c Estimated by IEF (Righetti, 1986). 

MCHC 
gldl 

31.1 

31.2 

32.5 

28.8 

29.6 

25.3 

26.5 

25.8 

25.4 

31.7 

32.0 

30.1 

30.7 

32.9 

31.1 

30.8 

31.5 

29.3 

25.9 

36.1 

A,b 

" 
2.65 

2.55 

2.70 

2.40 

2.80 

0.70 

1.0 

1.1 

0.5 

3.1 

3.5 

3.5 

3.3 

3.3 

3.8 

3.6 

3.7 

1.4 

3.9 

3.6 

Sb 

" 
0 

0 

0 

0 

0 

0 

0 

0 

0 

38.7 

38.9 

34.9 

33.0 

31.4 

22.2 

23.0 

24.0 

16.7 

41.5 

H" 

" 
0 

0 

0 

0 

0 

14 

10 

12 

8 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

'
Oo 
~ 



de Nondeletional a-thalassemia-2 due to a splice junction 

mutation 
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During the investigation, an a-thalassemia trait from 

Yugoslavia was characterized by gene mapping as a carrier of 

the pentanucleoti.de deletion at the IVS I splice junction site 

of the a2-globin gene [Orkin et al, 1981]. The deletion of 

this pentanucleotide (T-G-A-G_:G) eliminates a recognition site 

for the restriction enzyme Hph I, which allows the detection 

of the anomaly (an 1. 4 kb fragment replaces the normally 

occurring 1.1 kb and o. 3 kb fragment {Figure. [E-2]). This 

mutation was confirmed by the allele~specific oligomer probe 

hybridization analysis (data not shown). 

e. Other unknown nondeletional a-thalassemias 

Two patients (from Turkey and Yugoslavia) had the same 

genotype: homozygosity for the -a3·7 deletion. An individual 

with a genotype -a3·7 /-a3·
7 usually has an a-thalassemia-! trait 

with little clinical symptoms except the mild microcytosis and 

hypochromia. It was speculated that at least . one of the 

homologous chromosomes carried a mutation, which inactivated 

the remaining hybrid -a3·7 gene composed of the 5 '-portion of 

the a2- and 3'-portion of the al-globin genes so that the Hb 

H disease phenotype resulted~ The DNA samples from these two 

patients were subjected to extensive dot-blot hybridization of 

the amplified DNA with the known nondeletional a-thalassemia 

allele specific oligomer probes and DNA sequencing studies; 

but the molecular basis has not yet been clarified. The 
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genotype for these two patients was assigned as ( -a.3·7 ) T 1 ( -a.3·7 ) T. 

Of the 27 patients, six had the following combination of an 

a.-thal-1 determinant (three with the -a.20·5 ; two with the __ MBDn; 

and one with the --MBD1) with an unknown non-deletional a.-thal-

2 determinant. The molecular defects of these non-deletional 

a.-thal determinants have not been identified yet, but the 

known non-deletion types, listed in Higgs D.R. (1989), were 

excluded (data not shown). 
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DIITAIIT RELATIVEI 
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~ -a (·3.7 kb) 
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- aTa 

Figure [E-5]: Pedigree of, Family 0. the Hb Din subj.ects..II-
17 and III-16 was identified .as· Hb D.-Los Angeles· {a.2{3212

UGH
4
JGlu-

G~]i the {3-thal in. subjects IV-I and IV~2 was the result of a 
T4C mutation at IVS-I-6; the nondeletional a.-thal was· caused 
by a mutation at the poly A site (AATAAA~AATGAA). 
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Figure [E-6]: Sequence analysis of amplified- DNA pf the a2 
gene of subject III-9 (see pedigree in· Figure [E-5]). As this 
patient with Hb H disease has a __ Mmn type a-thal-1, only one 
a2-globin gene is amplified. The arrow indicates a G in the 
poly site at a position where an A i~ normally present 
( AATAAA-+AATGAA) • 
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Figure [E-7]: Identification of the AATAAA-+AATGAA mutation on 
the DNA of four members of Family o, including three with Hb 
H disease, through hybridization of the amplified a2- and al
globin genes with 32P-labelled specific oligonucleotide probes. 



189 

0/o HbS IN TURKISH HbS HETEROZYGOTES (Fam. 0.) 

25 
g ] aaJ-- (Med II) 

20 
0 -a (-3.7 kb)/-a (-4.2 kb) 

15------------------------------

- • 1 . 

Figure [E-BJ: Relation between the decreased level of Hb s and 
the severity of the a chain deficiency in Hb s 
heterozygotes 
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In summary, the hematological data, genotype and geographic 

distribution of the patients with Hb H disease from Mediterra

nean countries are listed in Table (E-4'], which reflects the 

genetic heterogeneity of the a-thalassemias in this area. 



Tllble (E-4}: Hematological Data and Genotypes ofiM Patients with lib H Disease from Mediterranean Countries 

Subject Origin Sex/Age Hb PCV RBC MCV MCH MCHC Az HbH 
g/dl Ill 1()12/1 fl pg g/dl % % 

R-1362 Yugoslavia M-32 10.4 0.350 5.20 67.0 20.0 29.7 1.2 12.0 

R-1362/s Yugoslavia F-35 8.1 0.310 4.30 71.0 20.0 26.1 1.8 11.0 

MT Italy F-47 12.3 0.435 ·6.70 65.0 18.2 28.3 1.1 7.0 

IP Turkey M-26 11.7 0.460 6.80 67.0 17.1 25.4 0.6 11.0 

O.Y Turkey - 8.6 0.365 5.22 70.0 15.9 22.7 1.5 9.2 

A.D Turkey - - - - - - - - 7.1 

O.D Turkey - 8.5 0.300 4.30 70.0 19.8 28.3 - -
E.A Turkey - 7.7 0.330 2.88 115.0 . 26.7 . 23.3 <1.0 8.1 

S.D Turkey M-8 9.3 0.310 5.10 73.0 18.2 25.1 0.8 3.3 

OK117 Greece - 11.1 0.350 4.41 79.0 25.2 31.7 3.4 -
Z.H Turkey - 8.5 0.395 5.48 72.0 . 15.5 21.5 0.8 6.4 

Zp.H Turkey - 10.3 0.450 6.17 73.0 16.7 22.9 0.7 1.5 

S.Y Turkey M-2 7.9 0.290 4.68 62.0 16.7 26.9 L3 4.5 

P06 Yugoslavia F-65 9.4 0.380 5.30 71.0 17.6 24.7 1.0 1.4 

S.Y. Turkey Adult 10.8 0.451 5.37 85.1 : 20.1 23.6 0.7 15.0 

7 cases§ Several - 8.57 0.335 .. 4.45 74.8 19.24 25.19 0.96 16.17 
average countries ±1.07 ±0.076 ±0.63 ±6.9 ±0.46 ±2.58 ±0.36 ±7.19 
I'± SD 

5 cases, Turkey Adults 9.74 0.386 5.17 71.74 18.88 26.64 0.94 9.8 
average ±1.36 ±O.M8 ±0.76 ±7.94 ±1.24 ±1.66 ±0.35 ±3.49 
I'± SD 

Total 

§: Fei et al, 1991; ,: Yuregir et al, 1991. 

Genotype 

-llJ!D11-cr-' 

_llJ!DI/-c1·1 

_llJ!DIIf..cr-1 

_llJ!DIIf..cr-1 

_llJ!DIIf-ct'.1 

_llJ!DU/-a4.1 

-c?JI·5/-cP 

-c?JJ-'I(txCJC)T 

-c?JJ·'I(txCJC)T 

_llJ!DII/cl"-a 

_llJ!DDf(txCJC)T 

_llJ!DDf(txCJC)T 

(-~·")T/(-cr·")T 

(-cl·")T/(-cl·")T 

_llJ!Dif(txCJC)T 

c!A-IaJc!A·Ia 

_llJ!DDfc!A·IIa 

'1:1 Cases 

'co 
'-
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DISCUSSION 

This research program was undertaken to determine the 

molecular basis of Hb H disease in 124 individuals. It has 

been possible to determine the exact molecular defects in 97 

pa.tients; 44 had a · combination of a known deletional a

thalassemia -1, such as __ sEA, __ MBD, -a20·5 , __ sA and __ Brit, and a 

known deletional a-thalassemia-2 determinants (-a3·7 and -a4·2); 

while 53 had a combination of a known deletional a-thalasse

mia-! and a known nondel~tional a-thalassemia-2, such as a~, 

aQS, a1caria and apoly(A>. The remainin'g 2 7 patients with Hb H disease 

had undetermined nondeletional a-globin gene defect. Three new 

a-thalassemia d~terminants have been found during this study; 

namely, a -a2
·
7 mutation (-an a-thalassemia..:..2 determinant) in a. 

Chinese patient with Hb H disease; the --0 mutation (an a

thalassemia-! determinant) in members · of a small American 

black family, and a polyadenylation signal mutation (a 

nondeletional a-thalassemia determinant) in several members of 

a large Turkish· family. My work has broadened our current 

knowledge of the molecular pathology of a-thalassemia and the 

data again indicate that a-thalassemia not only results from 

large DNA fragment deletions, but also, perhaps more frequent

ly (particularly in certain populations), from some point 

mutations in crucial control elements involved in the a-globin 

gene expression. This information is of considerable signifi

cance for our understanding the mechanisms of the different 

forms of Hb H disease. It is also important for hematologists 
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who are attending such patients; they should be aware that the 

incidence of the riondeletional a-thalassemia in certain races 

or ethnic groups may exceeds that of the.deletional counter~ 

parts. The genotypes involved and geographic distribution for 

all the patients with Hb H diseas,e in this study are summa

rized in Table [N-1]. 
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Table [N-l]: The Genotypes. ·and .G~ographic Distribution of the patients 
with Hb H dis'ease 

Genotype 

__ sEA l-a3.7 
__ sEA l-a4.2 
__ sEA l-a2.7 
__ sEA laesa 
__ sEAiaQSa 
__ sEA laTa 

-a'lJJ.51-a3.1 
-a'lJJ·51aTa 

__ MED I l-a3.7 
__ MEDII aicaa 

__ MED U l-a3.1 
__ MED U l-a4.2 
__ MED u I aPA·2a 
__ MEDUiaTa 

__ Britl-a3.7 
__ sA l-a3.7 or -a4.2 
__ (G) l-a3.7 

Total 

N 

19 
8 
1 

39 
1 

15 

3 
1 

2 
1 
5 
2 

7 

5 

2 

1 
7 
1 

124 

Origin and comments. 

Vietnam; Malaysia; China; ·Indonesia 
Vietnam; Malaysia; Canada 
China 
China; Malaysia; USA CS=Constant Spring 
Canada (Chinese) QS=Quong Sze 
Vietnam; China; Indonesia T=unsolved 

Turkey 
Turkey T=unsolved 

Yugoslavia; Turkey 
Greece Ica=Hb Icaria 

Turkey; Italy 
Turkey 
Turkey PA-2=poly A mutation (AATAAA_.AA~GAA) 
Turkey T=unsolved 

Northern Cyprus; Tunisia; Israel; Turkey 
PA-1=poly A mutation (AATAAA-.AATAAG) 
Yugoslavia; Malaysia; Holland; Saudi Arabia 
T=unsolved 
Yugoslavia; Turkey T=unsolved 

Georgia USA 
South Africa; Indian or~g~n 
Black new a-thal-1 mutation 
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During this research work, 82 patients with Hb H disease 

having __ sEA type deletional a-thalassemia-! were observed; 

most of these patients are from Southeast Asia and China .. 

Three different types of the a-thalassemia-! were found among 

the patients from the Mediterranean countries: __ MBDI (4), -

MBDn ( 9) and -a20
·5 ( 4) • The incidence of a-thalassemia -1 reaches 

the highest frequency in these two areas. our results are 

consistent with a previous study of the geographic distribu

tion of the a-thalassemia-! determinants [Higgs et al, 1989]. 

Two patients with the British type of a-thalassemia-! were 

found in patients of British origin from Canada and America. 

The South African type of a-thalassemia-! was observed in a 

large Indian family, who lives in South Africa .. As mentioned 

in the Introduction, the co:mriton types of a-thalassemia-2 

determinants, namely -a3·7 and -a4·2 , are much more widespread 

than the various a-thalassemia-! determinants; although 

nondeletional a-thalassemias, on the other hand, are primarily 

observed in certain populations of the world. -

The extent of these studies does not allow a detailed review 

of all individual cases; therefore,-. a general discussion will 

follow reviewing first the Hb H disease resulting from the 

interaction of deletional a-thalassemia-2 and deletional a

thalassemia-!, followed by Hb H disease caused by the interac

tion of nondeletional a-thalassemia-2 and deletional a

thalassemia-!, and finally the most unusual cases of Hb H 

disease, caused by ho~ozygosity for a nondeletional type of a-
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thalassemia and the interaction between a-thalassemia determi

nants and abnormal hemoglobins. In the last section of ·the 

discussion I will review the sequencing technique (as a 

technical note) which has been developed in the Core Laborato

ry of the Center, and which has been useful in solving several 

cases of nondeletional a-thalassemia. 

A. Hb H Disease Due to the Interaction of Deletional 

a-Thalassemia-2 and Deletional a-Thalassemia-1 

The discovery of a 2. 7 kb deletion (-a2·7 , an a-thalassemia-2 

determinant) in a Chinese patient and an 8.5 kb deletion (--0
, 

an a-thalassemia-! determinant) in an American black family is 

my contribution to this a-thalassemia research field. The 

newly discovered 2.7 kb a-thalassemia-2 del~tion from South 

China (See Figure [B-2]) is quite similar to the 3. 5· kb 

deletion ( -a3·5 ) observed in an Indiari family [Kulozik et al, 

1988] . Both a-thalassemia-2 determinants completely remove t]J.e .. · 

al-globin gene and leave th~ a2-globin ·gene int·act~ The 5' 

breakpoint of the 3. 5 kb deletion ·is located wi.thin the Z box 

5' of the al-globin gene, while the 3' breakpoint of the 

deletion lies within the DNA sequences between the al-globin 

gene and the 81 gene. The DNA sequence of this area has not 

yet been determined. The discovery of the -a3·5 deletion raises 

questions regarding the structure of the a-globin gene 

cluster. The -a3·7 and -a4·2 deletions result from unequal 

crossovers within areas of DNA sequence homology (the Z and X 

boxes, respectively) which have presumably been maintained 
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during the concerted evolution of the·a-globin genes (Lauer et 

al, 1980; Michelson and Orkin, 1983·; Zimmer et al, ·198.0]. It 

was suspected that the -a3·5 deletion results from a similar 

unequal crossover between the z box 5 1 of the a1-globin gene 

and the sequences 5 1 to the 81 gene which are expected to be 

homologous to those 5 I to the a1-globin' gene. It is also 

reasonable to speculate that the DNA sequence homology.might 

further extend to the 3 1 side of. the a-globin gene cluster 

(Kulozik et al, 1988]. The -a2·7 deletion from South China and 

the -a3·5 deletion from India are quite comparable in terms of 

the length of the deletions and the location of the breakpo

ints; however there are some distinct differences between the 

two (See Figure (B-2]). 

I also studied the molecular basis of the Hb H disease found 

in a Black newborn baby from Georgia. The newborn baby had a 

deletion of two a-globin genes on one chromosome and a -a3·7 

deletion on ·the other. The resulting Hb H disease was ex

pressed at birth by a modest anemia with a high level of Hb 

Bart 1 s; after birth the anemia became more evident with a 

striking microcytosis and hypochromia. 

A careful review of the literature revealed that there were 

only four well-documented Black patients with Hb H disease 

(Steinberg ~t al, 1986; Felice et al, 1984; Olivieri et al, 

1987; Safaya and Rieder, 1988]. The 8.5 kb deletion (--0 ) is 

the fifth type of a-thalassemia-! discovered among American or 

Canadian Blacks. The personnel of the Core Laboratory of the 
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Center has routinely analyzed blood samples from Black newborn 

babies at a rate of 10,000 /year for ove.r 20 years. The infant 

described here was the first Black baby with this condition. 

This observation underlines the rarity. of a-thalassemia-'! 

among Blacks from the Southeastern United states. 

Data. from the hybridization experiments with t, ~al, and the 

3 'HVR probes were most useful in defining the approximate size 

and the location of the new a-thalassemia~! deletion. The a-~' 

hypervariable region (3 'HVR) comprises a segment of DNA 

containing a variable number of.repeat units; the repeat unit 

of the 3 1 HVR is 17 bp long (ACA CGG GGG GAA CAG CG). TAe 

number of the repeat unit ranges from 70 to 450, therefore the 

difference of the two alleles in an individual can be as large 

as 6.5 kb [~(450-70) X 17 bp]. The 3' HVR probe detects this 

hypervariable region of DNA located 3 1 to the al-globin gene. 

Most normal individuals (aafaa) are heterozygous with respect 

to this locus due to a difference in size of the 3' HVR on 

each chromosome. "This difference in size of the 3 1 HVR is 

kept in any restriction fragments spanning the 3' 1 HVR. 

Obviously, any rearrangement of the a-globin gene cluster 

upstream or downstream of the 3 1 HVR, on one or the other 

chromosome may lead to a loss of this simple size relation

ship'' (Vandenplas et al, 1987]. A careful inspection of the 

gene mapping data from the propositus shows that the differ

ence (3 .. 6 kb) of the two alleles is the same in the Bgl II, 

Bam HI and Hind III digests; but in the Eco RI and Sst I 
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digests this simple size relation has been disturbed: the Eco 

RI-3'HVR specific fragment increased from 12.1 to 23 kb while 

the Sst I-3'HVR. specific fragment shortened from 18o6 to 11.5 

kb (See Table (N-2]). These data indicate that the deletion 

does not involve the Bgl II, Bam HI and Hind III restriction 

sites 5 1 to 3 1 HVR region, but abolishes the Eco RI and Sst I 

restriction sites flanking the 3 1 HVR (See Figure (A-4] and 

Table (A-6]). 

The 5 1 breakpoint of the deletion is located downstream from 

the ~a1 gene; therefore, hybridization-with the ~a1 probe was 

informative. Fortunately, we successfully isolated the ~a gene 

fragment from a previously established genomic library and the 

gene mapping data with this ~a probe confirmed that the ~a 

gene is not involved in this deletion. Hybridization with·the 

~a probe detected both the -a3·7 ( 19 kb Eco RI; 16 kb Bgl II; 

10 kb Bam HI and 12.5 kb Xba I fragments) and the --0 specific 

fragments ( 23 kb Eco RI; 10.5 kb Bgl II; 8.5 kb Bam HI;, 16.5 

kb Hind III and 12.5 kb Xba I fragments). 
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Tab~e [N-2}: The difference or 3'HVR-specific rragments in the propositu~ 

Enzyme 3'HVR-Specific Difference Between 

Fragment Size (kb) Two Alleles (kb) 

Eco RI 23; 8.5 14.51 

Bgl II 9. 4"'; 5.8 3 .. 6 

Bam HI 13. 6"'; 10 3.6 

Hind III 19.1"'; 15.5 3 .. 6 

Sst I 11.5; 15 -3 .. 5§ 

a Numbers underlined indicate abnormal fragments due to the new a

thal-1 (-8 .5 kb) deletion; those marked with an asterisk (*) are 

variations due to different sizes of the 3' HVR sequence; those with 

a § are due the a-gene cluster rearrangement. 



B. Hb H Disease Due to the Interaction of Nondeletional 

a-Thalassemia-2 and Deletional a-Thalassemia-1 
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I. Interaction between an a-thalassemia-1 determinant and· 

the newly discovered ~al-like poly (A) mutation 

Several different interactions of nondeletional ~-thalasse

mia-2 and deletional a-thalassemia-1 have been observed during 

this research p~oject. The newly discovered ~a1-like polyade

nylation signql mutation will be discussed in some detail. 

The precise mechanism of the 3' end processes of the primary 

RNA transcripts in eukaryotes is not yet known._At least two 

steps are assumed to be involved:. first, an endonucleolytic 

cleavage of the primary mRNA transcript and then the addition 

of a poly (A) tail [Whitelaw and Proudfoot, 1986]. The highly 

conserved AAUAAA sequence at the 3' end (10-30 nucleotides 

upstream from the 3'-terminal poly (A) tail) of eukaryotic 

mRNAs suggests that it is an important recognition signal(s) 

for enzymes involved in the cleavage of the primary RNA tran

scripts and the addition of poly (A) tails [Whitelaw and 

Proudfoot, 1983; Higgs et al, 19838
; Whitelaw and Proudfoot, 

1986; Higgs et al, 1989]. Several alternate sequences (ATTAAA, 

AGTAAA, TATAAG) in addition to the AATAAA sequence have been 

documented although their relative efficiency as recognition 

signals has not been evaluated. A variation in this consensus 

hexanucleotide sequence at the second position seems to be 

permissible, while the third, fourth and sixth positions are 
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Tabl.e [N-3]: Polyadenylation signal mutation· [Whitelaw and 
Proudfoot, 1983; Yuregir et al, 1991; Huisman, 1990) 

TYPE SEQUENCE FUNCTION REMARK' 

NORMAL AATAAA + consensus sequence 

MUTANT A~ T AAA + unknown efficiency 

MUTANT A§ T AAA + unknown efficiency 

MUTANT ~A T AAG + unknown efficiency 

MUTANT AAQAAA /3-thalassemia 

MUTANT AA T §AA /3-thalassemia 

MUTANT A AT A§A (3-thalassemia 

MUTANT AATAA§ /3-thalassemia 

MUTANT ~ - - - -A /3-thalassemia 

MUTANT AA T AA§ a-thalassemia 

MUTANT AA T §AA ~a-gene & a-thalassemia 
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invariable [Whitelaw and Proudfo·ot, 1983] (See Table [N-3]). 

Five mutations in the poly (A) signal of the p-globin gene 

have been observed, all causing a mild P-thalassemia because 

of a decreased RNA cleavage and the formation of an unstable 

mRNA. One of the four mutations concerns a T~ replacement, 

and the other three are A~G mutations .but at different loca~ 

tions in the last three As of the poly (A) signal (AATAAA), 

while the fifth type concerns a deletion of 5 nts (AATAAA-A 

with AATAA deleted) [Huisman, 1990]. 

The first poly A mutation in the a2-globin gene, i.e. the 

AATAAA~AATAAG mutation, was described by Higgs et al [Higgs et 

al, 19838
] in a Saudi Arabian family, and has since then been 

found in several families of Turkish, Israeli and Saudi 

Arabian descent [Thein et. al, 1988; Fei et al, 199~]. ·The 

\ second mutation (AATAAA~AATGAA) described here, has thus far 
\ 

\ only been detected in this large Turkish family (Family 0). It 
\ 

p 
( 

is of interest to note that the same mutation is observed in 

the ,Pal-globin gene [Proudfoot and Maniatis, 1980; Whitelaw 

and Proudfoot, 1983; Higgs et al, 1989]. 

The five patients·with Hb H~disease from this large Turkish 

~ family (See Figure [E-6] and Table [E-3]) carry this ~al-like 

:. mutation in the polyadenylation signal sequence on one 

\~hromosome and the a-thalassemia-i mutation (--MEDn) on tbe .. 
I . 

t?ther. No a-globin synthesis is directed by the __ MEDn -chromo

~pme due to complete deletion. of both a2- and al-globin genes. 

' ' · Ti).e total output of the a-chains in these patients is equiva-
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lent to that of one normal a-globin gene.· The only abnormality 

detected in the other chromosome is within the polyadenylation 

signal (AAT~-+AAT§AA) . This ,Pal-like mutation in polyadenyla-

tion signal is assumed to be responsible for the inactivation 

of the a2-globin genes. 

The activity of the ,Pa poly(A) signal was analyzed by tran-

sient expression system in COS7 cells [Whitelaw and Proudfoot, 

1983]. A recombinant DNA fragment containing an efficient a 

promoter fused onto the ,Pa 3' portion (a/,Pa gene) was con

structed and transfected into COS7 cells. The study demon

strated that transcripts read through this ,Pa poly (A) signal 

and end at cryptic poly(A) addition sites within the vector 

sequence; this experiment, therefore, established th~t the ,Pa 

poly(A) addition signal is essentially nonfunctional. Even 

\. . though the human ,Pal gene is inactivated by several additional 

mutations: for example, a 23 bp deletion between the "CAAT" 

and. "ATA" boxes, several small .d~letions (12 to 20 bp) 

resulting in the mRNA. · reading frameshift · ··and premature 

termination codon mutations, the promoter. region are still 

able to direct tr.anscription in a cell.;..free assay and·, in 

transient expression [Higgs et al, 1989] •. ~o stable ,Pal 

.transcripts can be detected,. in. human . erythroid cells. It is 
. ' ' 

considered that the crucial \mutation· in the 1/;a1 gene is within 

the highly conserved poly(A) additlon signal AATAAA which 

becomes AATGAA in ,P.al gene [Whitelaw and Proudfoot, 1983; 

Whitelaw et al, 1986; Higgs et al, 1989]. 
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My clinical observation is in an agreement with the in vitro 

studies described above. Thein et al [Thein et al, 1988] 

already noted that the presence of a poly A mutation in the 

a2-globin gene had an unexpectedly severe clinical effect as 

is evidenced from data obtained for patients with Hb H disease 

(--jaPAa) or with a homozygosity for this mutation. In my 

research, several patients. with a homozygosity. for one of the 

poly (A) mutations were found in the Mediterranean area and 

the hematological data are listed in Table [N-4]. This table 

compares hematological data for several patients with Hb H 

disease with a deletional a-thalassemia-! on one chromosome 

and deletional or nondeletionat a-thalassemia-2 alleles_ on the 

other, as indicated. Data for the five patients with Hb H 

disease showing the newly discovered poly A mutation are also 

included. This comparison shows no significant differences 

except for higher Hb H values for most of the patients with 

the nondeletional a-thalassemia alleles. The data also 

indicate that both types of poly A mutations are as severe as 

the two nondeletional a-thalassemia (a-Sot; a1caria) that cause the 

complete absence of normal mRNA formation by the mutated a-

globin gene. Thein et al (1988) have suggested that the 

\ext:-ended abnormal transcript from the mutated a2 gene (AATAAA-
, ' 

.;+AATAAG) reduces the expression of the al-globin gene, perhaps 

~y transcriptional interference, so that both a-globin gene, 
\ ' 

\ 
; 

a1fe down regulated; our clinical observations in the five. 

p~~tients with Hb H disease having the second type of poly A 
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mutation (AATA,AA-+AAT§AA) certa·inly add credence to this · 

suggestion [Thein et al, 1988; Yuregir et al, 1991]. 

II. Interaction between an a-thalassemia-1 determinant and 

several known nondeletional a-thalassemia determinants 

Three more genotypes, na:mel.y 1 .. ·--1 acsa 1 · ~-1 aQ8a, · and --1 a1cariaa 

have been observed in this study. ,The Hb Constant Spring (acsa) 

abnormality appe.ars to be the most coiniiion type of a-thalasse

mia-2 in Southef3.st Asia and China. Among the 24 patients with 

Hb H disease randomly selected from Kuala Lumpur, Malaysia, i3 

patients were found to carry· this a...;th~la~semia-2· determinant 
•'·;. 

while seven patients had the __ sEA/-a3·7 and three patients had 

the __ sEAI-a4·2 genotype (See Table (B-5•]). The acs mutation 

affects the major a2-globin gene (See Figure (I-4]) and no a

chain can be directed by the other chromosome due to ·the 

deletion of both the a2- and a1-globin genes; therefore the 

patients with a genotype __ sEAiacsa have a more severe clinical 

picture, judged by the Hb H level in the peripheral blood~ The 

levels of Hb H varied from 3.9 to 25.6 %, determined in a 

freshly prepared red cell lysate in the local institute; and 

the patients with the genotype __ sEAiac8a had at least twice the 

le~el of Hb H of those with either __ sEA 1 -a4·2 or __ sEA 1 -a3'~1 

;genotypes (see Table (B-4a]). This is in an agreement with 

Chi~ese Hb H patients with either deletional or nondeletional 
\ ' 

'?-th~lassemia-2: the average Hb H level in the former group is 
·~ 
~.5±2.8 %; in the latter 13.8±3.9% (average± SD). It is also 

I , 
i~pportant to mention that among the 15 Chinese Hb H patients 
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with genotype (--/a~a) six underwent splenectomy (See Table 

[B-4]) • 

In this study, another Greek patient (GK 117) with Hb H/Hb 

Icaria disease was identified by applying the allele-specific 

oligomer probe hybridization method. This is a third case with 

Hb H/Hb Icaria disease ever reported. The clinical picture of 

this Greek patient was more or less comparable to that of the. 

Yugoslavian patient reported by Efremov et al:· both patients 

had microcytic and hypochromic hemoiytic anemia (MCH and MCV 

levels were 25.2 pg and 79.0 fl, respectively in the Greek 

patient GK 117; 15. 9 pg and 71. o fl in the Yugoslavian 

patient) and'the. presence of the Hb H component as evidenced 

by electrophoresis [Efremov et al, 1990]. The complete or 

partial deletion of the.a2- and al-globin genes on the chromo

some with a-thalassemia-! (either -a20·5 or __ MBDI) of the two 

patients facilitated the identification of the .a21~ mutation 

on the other chromosome analyzed by PCR amplified DNA through 

hybridization with allele-specific oligomer probes. It is 

worth noting that, unlike Hb Constant Spring, Hb Icaria is 

difficult to detect by routine cellulose acetate electro-
I . 

\ phoresis or by isoelectrofucosing of a hemolysate from a 
\ -
??atients with Hb H/Hb Icaria, which underscores the importance 

6f the application of the allele-specific oligomer hybridiza-

t:.ion procedure in screening programs in Mediterranean coun-. 

tries. 
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A third genotype was characterized in a 22-year-old patient 

with Hb H disease from Canada. By gene mapping analysis the 

propositus was found to have· the genotype (--8EA/(aa)T]. The" 

complete deletion of . both a2- and a1-globin genes on one 

chromosome of· the patient facilitated the identification of 

the haplotype on the other chromosome by double-stranded DNA 

amplification and the dot-blot hybridization analysis. The 

mutation cTc;-..ccG· at codon 125 of the a2-globin gene was 

verified by the PCR-based single-stranded DNA sequencing 

method (See Figure B-3] • This patient· was originally from. 

South China where Hb Quong Sze is the second most common 

nondeletional a-thalassemia determinant next to Hb Constant 

Spring (personal communication from Prof. Liang of the Guang-

Xi Medical College, China, who carried out an investigation 

for nondeletional a-thalassemia by an allele-specific oligo-

mer-hybridization method]. The propositus with Hb Quong Sze/Hb 

H disease·had a severe hypochromia (with an MCH level 17.6 pg) 

and microcytosis (with an MCV level 67 fl), but could be able 

to maintain a Hb level of 14.5 g/dl (moderate anemia) without 

depending on blood transfusion .(The hematological data were 

repeatedly measured in September, 1991 at University of 

·\Alberta Edmonton, Canada: Hb 13.2 gjdl, hematocrit 0. 4 7, MCV 

63 fl., MCH 17.8 pg, M_CHC 28.2 gjdl; hemoglobin electrophoresis' 

iPn cellulose acetate pH 9. 2. showed a fast-moving Hb H ):>and'; ·.Hb 

~inclusion body test was strongly positive). Th~ phenotype of 

tt~is patient is really remarkable considering the fact that he 
I 
\ 

\ 
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had only one normal functional minor a1-globin gene which 

directs less than 15 per cent of the a-chain synthesis in a 

normal person. The clinical manifestation in this patient is 

in an obvious contrast to that for other nondeletional types 

of Hb H disease. Perhaps, this mutation (CT~CCG) at codon 125 

of the a2-globin gene does not interfere with normal cellular 

machinery for mRNA transcription and translation. It only 

affects Hb tetramer assembly due to a rapid turnover of this 

abnormal a-chain. Goossens et al showed the rapid turnover of 

this a-chain with the triton-urea ~lectrophoresis method using 

a 14C-leucine labeled reticulocyte hemolysate (Goossens et al, 

1982]o We once tried to isolate the abnormal globin chain by 

HPLC, but failed to demonstrate its presence; perhaps the 

hemolysate was not fresh .enough due to long distance transpor~ 

tation. When compared with Goossens' two cases.·with Hb H/Hb 

severe because the . Hb levels in the published cases were 

considerably lower (11.8 g/dl and 10.0 g/dl) and Hb H levels 

(35% and 30%) higher (Kan et al, 1977]. It is possible that 

this patient might carry a second undetected mutatio~ some-

\where in the a-gene cluster, which might be responsible for 

the.extraordinary over-expression of the remaining single al

g;lobin gene. 
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Thein et al described an a-thalassemia found in Saudi Arabia 

(aTa) in which the combined output of the four a-globin genes 

in homozygotes (aTafaTa) is about equivalent to that of one 

normal a-globin gene resulting in the clinical phenotype of Hb 

H disease [Thein et al, 1988]. Sequence analysis showed that 

the aTa had a single point mutation (AATAAA~AATAA§) in the 

polyadenylation signal of the a2 gene. · Th~s observation is 

substantiated by the data for tlie seven honiozygotes described 

in this study (Fei et al, . 1991]. Table (N-4] compared .the 

hematological data for various groups of adults with Hb H 

disease with well-defined a-thalassemia-! and a-thalassemia-2 

determinants. No major differences can be observed; all types 

are associated with a moderate anemia with severe microcytosis 

and hypochromia, and variable levels of Hb HG 

\ 

I 

\ 
\ 

\ 
\ 
I 
i 
I 

\ 
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Pab~e [N-4]: Hematological Data for Patients with Hb H Disease Caused by Different a-thal-1 and a-thal-2 
Determinants (average values only) 

Condition # of Hb PCV RBC MCV MCH MCHC ·A2 H Refs. 
cases gld1 111 101211 f1 pg gldl % % 

--l-a3.7 9 10.8 .395 5.95 66.5 18.2 27.4 0.9 14.0 a 

--l-a3.7 5 8.9 .301 4.73 63.6 18.8 29.6 0.5 4.6 b 

--l-a4.2 1 10.0 .294 4.60 64.0 15.6 34.2 1.8 8.0 a 

--l-a4.2 2 8.9 .302 4.90 61.6 18.1 29.5 0.7 2.8 b 

--la-sm:a 4 8.5 .330 4.75 69.5 17.9 25.8 0.6 28.0 a 

-- lalcaa 1 8.6 .385 5.40 71.0 15.9 22.3 0.9 16.0 c 

--laPA-Ia 2 9.5 .350 5.35 65.4 17.8 27.1 0.9 15.0 d 

. -:-·-I aPA-IIa 5 9.7 .365 5.15 71.5 18.9 26.5 0.9 10.0 d 

aPA·'a I aPA-Ia 7 8.4 .345 4.48 77.0 18.8 24.3 0.9 15.0 this paper 

a Mainly unpublished data; the a-thal-1 deletion is the -a~5 deletion, the 17.5 kb deletion (--Mm~), or the 
26.5 kb deletion .(--Mmii). 

b ref. {Fei et al, 1991b]; the a-thal-1 is the South African 23 kb deletion (--M). 
c Ica= Hb Icaria [Efremov et al, 1990]. 
d PA-I refers to the AATAAA~AATAAG Poly A mutation, and PA-II to the AATAAA~AATGAA mutation. 
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Additional patients with Hb H disease from Saudi Arabia were 

identified to have five a-globin genes (aTaj(aaa)T]. Despite 

the presence of an additional a-globin gene, these individuals 

with Hb H disease also have an a~chain output equivalent to 

that of one normal a-globin gene [Thein et al, 1988]. 

They appear to carry the poly (A) signal mutation in the a2-

globin gene on one chromosome (aTa) and the same polyadeny

lation signal mutation in both a2-like globin genes of the 

other chromosome (aaa) T. Despite the extra ,a-globin gene, 

these individuals had a phenotype indistinguishable from that 

of individuals with the aTajaTa genotype, thereby implying that 

the output from the additional, but defective, a2-like globin 

gene is minimal. 

It is interesting to note that with only one exception, ·all 

nondeletional a-thalassemia determinants analyzed to date 

affect the a2-globin gene (See· Figure (I~4]). This is in 

keeping with the observation that expression of the a2-globin 

gene is two to three times greater than that of the a1-globin 

gene. Hence, mutation of the a2-globin gene results in greater 

t reduction in a-globin synthesis, which produces a more severe 
\ 
\ t)la1assemic and detectable phenotype. It follows that individ-

. \ \. 

\.1a,ls with the leftward (-a4·2): deletion, whiqh removes the a2-
\ . . 

·, ' 

g·:lobin gene, should have a more severe clinical phenotype than 
·: 

it~dividuals with the rightward (-a3·7m) deletion in which the 
L. • t 

a2~-gl.obin gene is intact. Analysis of red cell indices and Hb 
., .. ~ . 

\ 

Bart 1 s levels showed that ·such a phenotypic· difference .does . 

\ 
\ 
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occur between the two types of deletion, but is less than 

would be predicted from the output of the a1- and a2-globin 

genes on the normal (aa) chromosome. This is probably related 

to the compensatory increase in expression of the residual a

globin gene in the -a4·2 deletion; presumably such an associated 

compensatory effect does not occur in the nondeletion a2-

globin gene defects [Liebhaber, 1989]. 

Homozygotes for the -a4
•
2 deletion do not have Hb H disease 

presumably because of the compensatory increase in the output 

from the remaining a1-globin gene. Homozygotes for mutations 

that downregulate the a2-globin gene, such as the Hb Constant 

Spring mutation, have a condition that is less severe than Hb 

H disease. On the other hand, a mutation t~at· completely 

inactivates the a2-globin gene but leaves it structurally 

intact, aNcoia (Nco! stands for the initiation codon mutation, 

which can be detect~d by digestion with the restriction enzyme 

Nco!), appears to cause ·typical Hb H disease in homoz_ygotes 

[Paglietti et al, 1986]~ 

In homozygotes for the (apo1Ya) all~les, the a2-globin genes 

are rendered nonfunctional by the polyadenylation signal muta

tions, but the two a1-globin genes appear structurally normal. 

It appears reasonable to speculate that an individual with a 

genotype (apolyafapolya) might have an a-thalassemia-1 phenotype 

due to two functional a-globin genes~ This is·not the case and 

such homozygotes have Hb H disease. It was shown by a nuclear 

run-off experiment in HeLa cells that both 3' end processing 
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and termination of transcription may. be affected by this 

mutant poly (A) signal. Furthermore, it was suggested that 

extended transcripts from the mutant a2-globin gene might 

reduce expression of the downstream a1-globin gene by trans

criptional interference [Whitelaw et al, 1986; Proudfoot, 

1986]. The phenotype of (a~~a) could therefore be explained by 

downregulation of both a1- and a2-globin genes by a mutation 

in the poly(A) signal of the upstream a2-globin gene. 

D. Interaction of a-Thalassemia Determin~nts with Abnormal 

Hemoqlohins 

I. Interaction between a P8-qene and an a~u-qene 

The decreasing .e{ff.ect of an. a-thalassemia allele on the level 

of several ~-chain vari'ants in heterozygotes has been repeat

edly documented [Huisman, l977; AbrC\ham and Huisman,· 1977; 

Shaeffer et al, 1978; Matthay et al, 1979;.Brittenham et al, 

1980; Higgs et al, 198lc] and is again demonstrated by the 

data listed in Table [E-3]. The lower level of Hb S in a 

compound heterozygote- for both a ~s gene and an a-thalassemia 

gene than that in a Hb s heterozygote with four a-globin genes 

is due to the fact that th~ mutant ~s chains cannot compete as 

efficiently as ~A chains for the limited pool of available a

chains. The different percentages of Hb S in heterozygotes 

with the six different types of a-thalassemia from this large 

Turkish family (Family 0) are directly related to the severity 

of the a-chain deficiency. The low levels of Hb S in the one 

heterozygote with the new poly A mutation (aafaTa), i.e. 31.4% 
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Hb S versus 33.0% and 34.9% for the two relatives with a 

deletional a-thalassemia (aaj-a), and the extremely low level 

of 16.7% in patient III-8 with Hb H disease (--/aTa), again. 

indicate the severity of the a-chain deficiency that is. 

present in these two members. Also .nbtice· that· the Hb· s levels 

in two a-thalassemia-1 heterozygot.es for __ MBDn gene (II.;..18 and 

III-19 with 23% and 24% Hb s, respectively) are between those 

of the patient with genotype --/aTa (-16% Hb S) and the a

thalassemia-2 heterozygotes (-33% Hb S) (See Figure, [E-8]). 

In this research program, I investigated approximately 1,000 

blood samples from general Black population (around 500 

randomly collected cord blood samples and another 500 cord 

blood samples without Hb Bart's) and more than one hundred Hb 

SS patients for the study of the a-thalassemia gene frequency. 

The frequency of a-thalassemia-2 among the American Black 

patients with sickle cell anemia ({38 /{38 ) is calculated at 

o. 257, which is more than twice that. found in the general 

Black population (0.107). Even though the patients with sickle 

cell anemia in this survey were from different age groups, it 

is still tempting to draw the conclusion that the concomitant 

inheritance of a-thalassemia genes confers selective advantag

es for the survival of sickle cell p'atients (Embury et al, 

1982; Mears et al, 1983]. 

II~ Interaction between a ~E-qene and an ailim•qene 

Hb E is a common (3-chain variant in China and Southeast Asia. 

The clinical manifestation of a Hb E trait is similar to that 
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of a mild ~-thalassemia· trait. Homozygous patients show a more . 

significant microcytosis but are still asympt.omatic. The high 

frequency of the Hb E gene in some areas of the world may be 

due to the fact that its presence confers selective advantages 

to the carriers [Nagel et al, 1981]. 

A single base mutation in codon 26 (GAG-AAG) is the only 

·nucleotide sequence abnormality found on the (3B gene that 

causes the. amino aqid substitution (a2(32 200~L~) • This mutation 

is located in a cryptic RNA splice region and alters the 

consensus sequence flanking a potential GT donor site for 

splicing, thus activating· the alternative cryptic site. 

Alternative splicing occurs at this cryptic site about 40 to. 

50 percent of the time, giving rise to a structurally abnormal 

globin mRNA; which cannot be translated properly. The other 

primary mRNA transcripts are spliced at the normal site, 

producing normal functional mRNA, which is translated into (3B~ 

globin keeping the base change at codon 26 (Benz et· al, 1981; 

Orkin et al, 1982; Bunn and Forget, 1986]. 

Both Hb E and a-thalassemia genes are so frequent in South

east Asia, that several different combinations· of these 

disorders can occur (Wasi and Na-Nakorn, ·1974]. The interac

tion of these two genes exhibits a markedly decreased percent

age of Hb E compared with that usually found in simple Hb E 

carrierse The clinical picture of patient? with a Hb E gene 

and the two a-thalassemia-! and ·a-thalassemia-2 alleles 

(genotype --t-a· (3Af(3B} are similar to that of Hb H disease. 
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The Hb electrophoretic pattern shows the presence of Hb A, E, 

Bart's and F, and a small quantity of Hb H can occasionally be 

found. The adult patients with this disorder have approxi

mately 1-2% of the Hb F, 8% of Hb Bart's and a decreased level 

of Hb E in the 14% range; the remainder is Hb A. In many 

families one parent has the Hb E trait and the other carries 

the a-thalassemia-1 and/or a-thalassemia-2 alleles (Wasi et 

al, 1974]. 

In this project I studied a propositus who was a 2-year-old 

girl of Vietnamese origin (Family S) showed a similar hemoglo

bin electrophoretic pattern as described above: Hb Bart's 

(6.7%), Hb A (69.6%), Hb E (13.3%) and Hb F (9.8%). Here once 

again we had an example of the interaction between a-thalasse

mia genes and a ~-chain variant (Hb E); the decreasing effect 

of a-thalassemia gene on the ~-chain variant is clearly 

manifested: the father ·:i:-1 with -a genotype __ sEAfaa·f3B!f3 had 24% 

Hb E, the mother I-2 with a genotype ac8afaa·f3B/f3 had 29% Hb E 

(note that the ·acs gene is equivalent to an a-thalassemia-2 

gene), patie~ts II-2 and II-3 with genotype __ sEA/ac8a·f3B/~ had 

Hb E 19% and 14%, respectively (Se_e Figure_ (B~4]). Thus, the 

deletion of three a-globin genes is asso·ciated with the lowest 

level of the ~-chain variant. 

An interesting question is why adults with this condition 

synthesize Hb Bart's rather than Hb H. It is reasonable to 

speculate that the ~-globin genes must remain active and that 

the three chains (~, ~A and ~B) compete for a limited avail-
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able pool of a chains due to the severe a-chain deficiency. 

The ~A chains appear to be competing more efficiently than the 

~B and ~ chains for the available a chains; thus, an excess of 

~ and ~B chains remains in an unassembled condition. The ~4 

tetramer is more stable than the ~~ tetramer and so these 

patients have Hb Bart's, A and E (Weatherall and Clegg, 1981]. 

It is not surprising that three different abnormal globin 

genes: a-thalassemia-! (--8BA)., acs and ~B genes are observed in 

this family from Southeast Asia, where these abnormal genes 

occur at high frequencies. It is·also noted that the acs gene 

was detected by the al;lele-specific oligomer hybridization 
' ' . -

method when its presence could not be .definitely determ~ned by 

electrophoresis; this method provides a suitable approach for 
' 

a population screening program in Southeast Asia. 
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*Technical Note: Detection of Nondeletional a-Thalassemia by Direct DNA 

Sequencing 

The recent breakthrough in the production of single-stranded DNA ( s,s-DNA) 

templates for sequencing involved innovations in the polymerase chain 

reaction (PCR). Although theoretically possible, inconsistencies 

associated with the production of ss-DNA have made ~t difficult to produce 

suitable templates for direct sequencing. Especially when dealing with the 

a-globin gene sequence, I encountered tremendous problems: the a-glqbin 

gene cluster contains an unusually high G+C ·.content (>60% versus <39% in 

the P gene cluster) and several homologous se.quence boxes and more than 

usual repetitive sequences [Higgs et al,-1990]. 

At present, no straightforward method is available to determine whether 

as-DNA has been amplified or how pure a as-DNA template is. Based on the 

empirical observations in the application of ethidium bromide staining 

method, as-DNA suitable for sequencing may exhibit one to many bands when 

visualized under UV light. Different primers seem to produce variable 

patterns with respect to the appearance of a single-stranded amplification 

product. 

The three major considerations for the consistent production of ·high 

quality sa-DNA are: (1). the concentration of primers used to produce de

DNA and sa-DNA products; (2). the purification. method for the ds-DNA 

template before as-DNA amplification; and (3). the improved selection of 

appropriate primers with a computer program (the IBI DNA program: 

International Biotechnologies, Inc. DNA/protein sequence analysis 

software) to avoid any possible nonspecific amplification [I am indebted 

to Dr. Stoming in the Department for his help to set up this program]. 

A number of methods, including gel purification, ethanol precipitation, 

phenol-chloroform extraction have been tried in this study. In comparison, 

the purification of ds-DNA by centricon-30 is more suitable for the 

production of excellent sequence data. The cleaner, more easily readable, 

sequence may· be the result of an increased efficiency in the removal of 

) 
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excess primer which allows for more accurate determination of primer 

concentrations during ss-DNA amplification. 

The usage of some denaturing agents such as DMSO (Dimethyl Sulfoxide) and 

glycerol is helpful in obtaining. specific amplifications. An increased 

annealing temperature and shorter programs. are also quite useful in 

.reducing non-specific amplification. 

Successive application of the PCR-based direct DNA sequencing has proven 

to be a practical method to study the molecular basis of the nondeletional 

a-thalassemia. 
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SUMMARY 

I have studied 124 Hb H patients from 16 countries in Asia 

(China, India, Malaysia, Indonesia), the Mediterranean Region 

(Yugoslavia, Turkey, Bulgaria, Cyprus, Spain, Italy, Greece, 

Saudi Arabia, Tunisia), South Africa, the U.S.A., and Canada, 

with gene mapping, allele specific oligomer probe hybridiza

tion, and PCR (polymerase chain reaction)-based direct DNA 

sequencing., Three different groups of patients are recognized. 

The first consists of 44 patients with a-thalassemia-! and a 

deletional a-thalassemia-2 manifesting a rather mild thalas

se~ia intermedia. The a~thalassemia-1 determinants were ~-8~ 

in Southeast Asia; __ MED 1, __ MED 11 , -a20·5 in the Mediterranean 

area; __ BRIT in two British families; the __ sA in a large tnaian 

family from South Africa; a new 8.5 kb deletion including a2, 

al and 81 genes in a Black newborn.' The a-thal~ssemia-2 

determinants were -a.3·7 , -a4·2 and a newly discovered 2. 7 kb 

deletion, -a.2·7 (in one Chinese family) ., The second is a group 

of 66 patients with the same types· of a.-thalassemia-! and a 

nondeletional a-thalassemia-2 such as Hb Constant Spring (39 

patients), Hb Icaria in a Greek family,· Hb Quang Sze, splice 

junction, and polyadenylation signal mutations, with a more 

eevere thalassemia intermedia. Both poly (A) mutation~ 

(AAT~-AATAAg and the newly discovered AATAAA-AATgAA) in 
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combination with --~n were found in Turkish families; the 

patients were severely affected which suggests an equal 

negative effect on the expression of the remaining al gene. 

The 14 patients of the third group were homozygous for a 

polyadenylation mutation (seven patients from Turkey, Cyprus, 

Israel and Tunisia with severe disease) or for unknown 

mutations; two patients with -a3·7f-a3·7 had Hb H disease. 

Sequencing of amplified DNA greatly aided in these studies_. A 

comparison of the molecular defects and clinical-hematological 

data provided detailed information regarding the heterogeneity 

of this disease. 
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